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Digital media is becoming increasingly prevalent in households and classroom settings
lowering the age of first exposure to technology; however, little is known about how
children experience digital media and how their experiences relate to learning and
social engagement. In this case study, we followed a 28-month-old boy in a naturalistic
setting for 5 weeks, videotaping the process of his interactions with the iPad. Using
a combination of video coding, screen recordings, and a formal academic assessment
we evaluated the effects of digital media on specific learning outcomes, child affective
states associated with gains in digital literacy, and the role of social interaction in
the process of digital media exposure. We found that the number of errors predicted
a significant amount of the variance in the child’s levels of frustration, attentiveness,
help-seeking behaviors, and persistence. Two main types of affect, confusion
and attentiveness, predicted gains in his iPad proficiency, providing important
insights into the role of emotions in digital learning. With increased levels of iPad
proficiency, we observed an inconsistent pattern of child social engagement. This
study is the first, to our knowledge, to use a combination of qualitative observation
data, standardized assessment, and quantitative analysis of a child’s behavior in the
process of digital literacy learning.

Keywords: toddler, technology, digital literacy, iPad

INTRODUCTION

Tablet technologies are the most novel addition of digital media to children’s environ-
ments, as they can be used both as an active and passive technology and require fine motor
skills to allow for navigation. The impact of these features on the development of young
children currently remains understudied. Compared to the research on tablet use and social-
izing in adolescence, middle childhood (6 to 12 years old) is considered understudied and
toddlerhood (0 to 3 years of age) considered overlooked [1].

The American Academy of Pediatrics recommends that children under the age of
2 should not have any screen time except for video chat [2]. Children between the ages
of 2 and 5 years should watch no more than 1 hour of high-quality children’s programming
per day. However, children under the age of 3 are engaging with this media in various ways
alone and with their parents [2]. With today’s COVID-19 pandemic, these guidelines might
not be as realistic. A recent meta-analysis [3] supported the current pediatric guidelines
(mentioned above) on media use by children under the age of 12. The authors analyzed
publications from 1960 through March 2019 that included a measure of screen use, a meas-
ure of language skills, and statistical criteria that could be transformed into an effect size.
Screen use in this context included the use of television, movies, or DVDs on devices such
as tablets or television, as well as background television. Forty-two studies (11 of which
are from within the past 5 years) accounted for 18,905 participants. A greater quantity of
screen use was associated with lower language skills (r=-0.14 for screen time, and 7=-0.19
for background TV), while a better-quality screen use (+=0.13 for educational programs,
and 7=0.13 for co-viewing with caregivers) was associated with stronger language skills.
A later onset of exposure to digital technology was also associated with stronger language
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skills (= 0.17). These findings support that reducing screen exposure, selecting high-qual-
ity content, and co-use (how often caregivers joined their children while exposed to screens)
of the media are beneficial for children under the age of 12.

Interactions between children and parents when screen-time is involved also plays an
important role in children’s development. Technology-enhanced storytelling is associated
with improved parent-child interaction [4]. To promote learning when using technology and
to make a positive difference when learning with digital technologies, adults should be pro-
active: be present, supportive, and monitor the child’s choices, for the technologies to create
a positive, learning experience [6]. A study examining the relationship between Internet use
and interpersonal communication [7] found that Internet use was significantly correlated
(r=-.13, p <.01) with decreases in face-to-face family communication, and a decrease in
desire for such exchanges ( = -.120, p <.01). The study supports the displacement hypoth-
esis by demonstrating that media use, specifically daily Internet use, lowers the time that
family spends together and lessens the desire to socialize [7]. In general, it is suggested that
screen media, has disruptive effects on the quantity and quality of parent-child interactions.
Media use can also be positive, depending on the content of the media used: for example,
a longitudinal investigation found that preschool children’s viewing of “Sesame Street”
suggests a positive effect on children ages 3 to 5 and their vocabulary skills [8]. Other
studies suggest that tablet use positively affects fine motor development [9] and promotes
visual-spatial skills [10]. Learning from media is associated with cognitive and academic
enhancement when programs are age-appropriate and guided by curriculums. Parents are
able to maximize positive effects and minimize negative effects of media use by carefully
selecting the material to be educational and avoiding purely entertainment and violence
focused material. [11]. Learning from media use relies on cognitive demands of a task and
a child’s cognitive resources which encourages the use of apps that are able to interactively
guide attention to important information. For more challenging information, parents are
encouraged to use noninteractive video demonstrations for a short term [12].

Digital media is becoming increasingly prevalent in the households and classroom set-
tings lowering the age of first exposure to technology; however, little is known about how
children experience digital media and how their experiences relate to learning and social en-
gagement. This case study aims to explore the processes a child goes through to learn to use
an iPad, having been introduced to it for the first time at the age of 2 years and 4 months old.
We investigate the effects of digital media on specific learning outcomes, child affects asso-
ciated with gains in digital literacy which refers to proficiency in manipulating and navigat-
ing a digital device, and the role of social interaction in the process of digital media exposure.

We hypothesized that the child’s performance on an iPad application would increase
over time, as well as his digital literacy. We also hypothesized that frustration and confu-
sion would predict the frequency of help-seeking behaviors. In addition, we expected to see
a decrease in social interactions and an increase in digital proficiency over time as the child
would rely less on a caregiver in problem solving. The findings of Craig and colleagues [13]
showed evidence that the level of confusion is critical for optimal learning. Guided by these
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results, we hypothesized that confusion and attentiveness would predict child’s positive
learning outcomes and explain gains in digital literacy and academic knowledge.

METHOD

Participant/Sample

The case subject, Ryan, is a Caucasian male who was 28 months (2 years and 4 months)
old at the time of his first iPad exposure. Ryan is raised in a bilingual Russian-English
household. He began attending English-based preschool since the age of 18 months. The
data presented here were collected while Ryan was with a childcare provider (hereafter,
babysitter) outside of his home; he visited the babysitter’s house for 3 to 4 hours each time
2 to 3 times per week during the course of the study.

Study Design

During the course of five weeks, Ryan was given the iPad to play with 3 times each
week. The researcher and a babysitter sought to assure that the device held his attention
for at least 20 minutes per session. In each session, Ryan’s interaction with the iPad was
videotaped and the iPad’s screen recordings were acquired to facilitate formal behavioral
coding. Ryan was not given any specific instructions as the focus of the study was on free
exploration of digital media. Following Ryan’s exposure to the iPad the video recordings
of his sessions were coded for a variety of behavioral and performance factors. Further,
Ryan’s behavior was analyzed to gauge his affect, behavioral characteristics, caregiver in-
teractions during the iPad interactions, and types of manipulations. During the iPad sessions
the child was accompanied by a babysitter and/or a researcher (depending on the selected
day of recording), who were not given specific instructions and interacted with the child the
way they normally would.

Measures

Formal assessments were used to acquire a holistic profile of Ryan’s developmental
background and academic readiness: The Mullen Scales of Early Learning, MSEL [14], The
Clinical Evaluation of Language Fundamentals—4 edition, CELF-4 [15], The Infant-Toddler
Social and Emotional Assessment, ITSEA [16], The Conner’s Early Childhood Form [17]
and the Bracken School Readiness Assessment - Third Edition, BSRA-3 [18]. The school
readiness scale was administered three times: to acquire a baseline for Ryan’s development
prior to iPad exposure, after two weeks of iPad interactions and finally at posttest one week
after the iPad sessions discontinued. All assessments were conducted in English.

iPad Application

While the child explored a few applications, for the purpose of the analyses we focused
on the Doodle Dots application, as it was the application consistently played throughout the
sessions for at least three minutes per sitting. Doodle Dots is a free iPad application released
by developer PBS KIDS Sprout in August of 2011. Within the app, children respond to ver-
bal prompts from the game’s narrator in order to connect dots and complete a picture. If the
wrong dot is selected, the child receives negative feedback (e.g. «That’s not a green dot!»), but
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there is no limit to the number of incorrect responses allowed or the amount of time needed
to connect the dots. The game can be played in 4 modes: numbers, colors, shapes, and fruit.

Video Coding

The video coding system was developed to address Ryan’s affect, behavioral character-
istics, and caregiver-child interactions during iPad play, and the types of iPad manipulations
used. Videos were selected based on their length with a minimum duration of 3 minutes and
the length of a coding sequence was based on a single doodle completion. The frequencies
of Ryan’s behaviors and affects were coded individually, allowing for overlaps. All coding
rubrics are summarized in the appendix. The Specific Affect Coding System was used for
descriptions of affect facial changes [19]. For the caregiver’s behavior, the coding was
based on selected categories from the Dyadic Parent-Child Interaction Coding System [20].
Three additional categories (pointing, problem solving, and redirection) were added to the
rubric to reflect the specific facilitation of the child’s iPad interactions. To analyze the child
proficiency on the iPad use, we utilized a 5-point Likert scale developed by J.P. Hourcade,
S.L. Mascher, D. Wu,L. Pantoja [21] to rate the ability to operate the device from low
(1 point) to very high (5).

RESULTS

Correlations and regressions were completed to test our hypotheses and demonstrate the
relative impact of variables on each other. Required assumptions were tested and met for
each analysis.

Inter-Rater Reliability

There were five videos recorded throughout the observation period with a mean dura-
tion of 6.32 minutes (SD = 4.14; min = 3.57 minutes, max = 13.38 minutes). Coding was
carried out by two independent graduate student coders who double-coded two out of nine
videos. Interrater reliability was computed as an intraclass correlation coefficient (ICC) for
each category of the analysis. For child affect and behavior, an ICC of .75 with a 95% CI
[.54 to .89], F(16,596)= 3.99, p<.001 was achieved. For iPad manipulations the average
ICC was .69 with a 95% CI [.41 to .87], F(16,144) = 3.201, p < .001. The average ICC
for the caregiver rubric was .76 with a 95% CI [.57 to .89], F(16,432) = 4.227, p < .001.
For iPad navigation proficiency, the average ICC was .86 with a 95% CI [.62 to .95],
F(16,16) =4.227, p < .001.

Skill Development

Assessments suggested that Ryan was typically developed in the areas of visual re-
ception and social-emotional development. In language development, Ryan’s expressive
language was in the Low Average range of ability, which may be due to his bilingual status.

Because Ryan’s age fell out of the norming range for the Bracken School Readiness
Assessment (BSRA-3), composite scores and percentiles could not be computed and, thus,
mastery percentage was used as an indicator of progress. A graphical representation of his
mastery across the three time points can be viewed in Figure 1. Ryan’s performance dis-
tinctly improved in all but one of the measured categories from T1 to T2. His scores then
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dropped somewhat from the intermediate assessment to the final assessment, though his
performance was still higher than what was observed at the baseline assessment. Given the
lack of additional data points the statistical significance of these fluctuations were not stud-
ied, and thus these results should be viewed with an understanding that these fluctuations
may represent normal variations in skill development typical with this age range.
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Figure 1. Changes in percent mastery across three administrations
of the Bracken School Readiness Assessment, Third Edition (BSRA-3)
Errors

It was initially hypothesized that Ryan would perform better with the game over time.
His performance on the game and learning over time was measured on two metrics: aca-
demic performance assessed in the number of errors made, and navigation proficiency. For
each doodle completed, Ryan received a score from 0 to 5 on how adept he was at navigat-
ing the app and following the instructions, which served as his navigation proficiency index.
Contrary to the hypothesis, a regression analysis revealed that the number of errors made in
the game did not appear to decrease significantly over time, R? =. 07, F(1,48)=3.74, p=ns.
Time point appeared to be a significant predictor of Ryan’s ability to proficiently navigate
the application (R’ =. 11, F(1,53) = 6.32, p = .01), though the negative correlation between
the two variables (» = -.33) indicates that as time progressed, Ryan became less proficient
in his use of the app, demonstrating lower accuracy of manipulations.

Affect and Behavior

Aimed at getting a snapshot of the affects and behaviors that a normally developing child
experiences when first introduced to a tablet, Ryan’s affects and general behaviors were cod-
ed. A depiction of the relative occurrence for each affect state, and how Ryan’s affect changed
over time can be viewed in Figures 2 and 3, respectively. When he was first introduced to
Doodle Dots, Ryan would alternate between frustration and confusion. Ryan then reverted
to attention seeking behaviors via verbalizations, eye contact, or pointing at the source of the
issue. Over time, Ryan’s help-seeking lessened in frequency as his frustration reduced.

As shown in Figure 4, eye contact and smiling were the most frequent behaviors that
Ryan demonstrated throughout the sessions, both of which typically co-occurred with
delight. However, Ryan was also noted to seek eye contact in instances of confusion.
Persistence was prominent during the times Ryan got bored and started losing interest.
We expected to observe a reduced need for assistance as Ryan’s navigation proficiency
increased. Interestingly, Ryan sought help regardless of his proficiency level. As can be
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viewed in Figure 5, several of the behaviors were noted to decrease over time, particularly
those of a social nature.
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Figure 2. Total occurrences of coded affect states across all time points
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Figure 3. Changes in affect states over time estimated using linear regression. Two types
of affect (“eureka’” and “surprised”) were not included given their lack of occurrence
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Figure 4. Total occurrences of coded child behaviors across all time points

k2

[
L

Total Occurrences

Time Point

jiop ~ Exploring  — Help Secking = Poinfing
Beheavior Eve Contact ~ Persistence Smiling

Figure 5. Changes in child behaviors over time estimated using linear regression. One type
of behavior (“accidental discovery”) was not included given its infrequency of occurrence

Digital Literacy

The appropriateness and efficiency of iPad manipulations were used as the main metrics
to characterize overall index of child’s digital literacy. We conceptualized the appropriateness
of manipulations as all manipulations that can be applied to a tablet and lead to meaningful
outcomes. All iPad manipulations were mastered by Ryan either independently or through
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the observation of the caregiver. Most of Ryan’s actions were purposeful and reflected a good
understanding of the required actions from the early stages of his iPad interactions. His task
performance indicated that some of the concepts were more difficult than others, with shapes
producing on average more errors after controlling for the number of times played.

Digital literacy metrics suggested that Ryan started out showing moderate skill in nav-
igating the iPad, and speed and precision of his manipulations increased over time. Some
of the inappropriate and ineffective manipulations that were observed included hitting the
iPad with a palm or fist, which was typically associated with frustration and boredom. Ini-
tially, we hypothesized that Ryan’s proficiency in iPad manipulations would increase over
time. However, contrary to our prediction, the frequency of inappropriate manipulations in-
creased. One potential explanation could be that Ryan explored iPad functionality by trying
out a new behavior repertoire. Another explanation is increased boredom. Over time, Ryan
appeared to grow tired of the familiar app and expressed his boredom and frustration in in-
appropriate manipulations (e.g., sloppiness). In line with this hypothesis is the observation
that Ryan began more frequently switching categories in Doodle Dots app (e.g., from colors
to fruit) as time went on and was browsing for desired doodles for periods of time longer
than that spent completing the actual tasks.

Relation between affect, behavior, and digital performance

Correlational analysis revealed that the number of errors Ryan made on Doodle dots
were significantly related to the frequency of affect states, including frustration (r = .32,
p = .02), attentiveness (r = .47, p < .001), help-seeking (» = .27, p = .05), and persistence
(r=.42,p<=.001). All correlations were positive, which indicates that as errors increased,
so did the measured affects and behaviors. It was hypothesized that two types of affect,
confusion and attentiveness, would predict navigation proficiency. A multiple regression
confirmed this hypothesis, R> =. 48, F(3,51) = 15.75, p <.01. It was noted that both confu-
sion (B = .40, p < .01) and attentiveness ( = .17, p = 01) significantly predicted variance
in navigation proficiency, whereas the interaction between the two affects did not (f = .12,
p = ns). Finally, it was predicted that child help seeking would predict navigation proficien-
cy, though analyses revealed this association to be non-significant.

Relation between affect and social behaviors

We hypothesized that social interactions with the caregiver would decrease over time.
The results of the regression analysis generally supported this hypothesis. Specifically, it
was found that time, as measured by each progressive doodle completed in the game, pre-
dicted a significant level of the variance in pointing (R* =. 20, F(3,51) = 13.51, p <.001),
smiling (R* =. 46, F(3,51) = 46.03, p <.001), and eye contact with the caregiver (R* =.12,
F(3,51)=7.42, p = .010). The results of the correlational analyses indicate a moderate neg-
ative relation between time and each of these social behaviors (r = -.45, -.68, -.35, respec-
tively) which indicates that these social behaviors decreased over time.

It was also predicted that Ryan’s affect, particularly frustration and confusion, would
predict frequency of help seeking behaviors. It was found that confusion and the interaction
between confusion and frustration predicted a significant amount of the variance in help
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seeking behaviors, but frustration alone did not, R> =. 21, F(3,49) =4.45, p = .01. We have
also found that delight predicted eye contact with the caregiver R*> =. 34, F(1,53) = 26.98,
p <.001,r=.58.

Caregiver Behaviors

As shown in figure 6, the most frequent form of scaffolding was questions, followed
by statements and acknowledgements. Caregiver’s questions were primarily reiterations of
the Doodle dots instructions (““Where is the blue dot?”’) or referred to the type of Doodle/
category the child was interested in playing next. We observed that the most scaffolding
was provided when the child was first introduced to the iPad, with caregiver’s interference
becoming minimal during the last sessions. Verbal praise was used to encourage the child’s
exploration and participation. Overall, the frequency breakdown of caregiver’s behavior
suggests minimal direct involvement (pointing, redirection, problem solving) and caregiv-
er’s preference to utilize indirect commands, verbal praises and statements as opposed to
negative and direct commands with explicit instructions.

Caregiver Behavior Occurrences
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Figure 6. Total occurrences of coded caregiver behaviors across all time points

DISCUSSION

The current study utilized a set of single-case observations of a 28-month-old boy in the
naturalistic setting over the course of 5 weeks in the process of his iPad interactions. This
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study is the first, to our knowledge, to use a combination of qualitative observation data,
standardized assessments and quantitative analysis of child’s behavior in the process of
digital literacy learning.

Results showed that Ryan’s performance on the BSRA-3 distinctly improved from the
pre-assessment to the intermediate assessment in the categories of colors, letters and sizes
but the categories of numbers and shapes did not show significant improvement. His scores
then dropped somewhat from the intermediate assessment to the final assessment, which we
believe may be explained by the regression toward the mean. The increase in Ryan’s perfor-
mance on colors, numbers and shapes shaped our hypothesis of knowledge transference as we
believed that the increases were due to the iPad application. When we analyzed the number
of errors in Doodle Dots over time, results showed that there was no significant decrease in
errors. These findings are most likely explained by the fact that Ryan grew bored with the re-
petitiveness of the task and committed more errors to skip the trial and get to the next Doodle.

A number of studies have shown that affect is not a byproduct of learning but an impor-
tant factor shaping achievement [e.g., 22]. It has been shown that higher enjoyment and lower
boredom predicts greater math achievement in 5th and 6th graders [23]. Another study found
a negative association between boredom and learning gains [13]. Interestingly, other authors
argue that boredom can be seen as an affect that leads to creativity and exploration [24].

Our findings on digital literacy acquisition show that contrary to our initial hypothesis, the
number of functionally inappropriate manipulations did not decrease over time. We also
observed an inverse effect with navigation proficiency, indicating that Ryan became less pro-
ficient with digital technology over time. We believe that these findings can be explained by
Ryan’s high persistence, and growing boredom and frustration as he was navigating the app.

Our findings show that during iPad interactions, the leading types of affects were delight
and neutral, followed by attentiveness, boredom, flow and frustration. We have noticed that
when flow co-occurred with attentiveness, Ryan was the most proficient with his manipula-
tions and concept identification. These observations are corroborated by the findings of S.
Craig, A. Graesser, J. Sullins,B. Gholson [13] showing that flow has a meaningful effect size
on learning (Cohen’s d =.22). A few papers have argued that confusion is a corner stone of
productive learning as it has been linked to flow and learning gains. In line with these findings,
our data showed that confusion and attentiveness (but not their interaction) predicted higher
navigation proficiency. However, given the small number of instances that Ryan experienced
confusion in the current study, our results should be interpreted with caution. Importantly,
we noticed that when confusion was coupled with attentiveness Ryan was more likely to
achieve the desired result in his iPad manipulations compared to instances, where confusion
was linked to frustration or boredom. This observation is in line with the B. Kort, R. Reilly,
R.W. Picard [25] model of constructive learning that shows confusion as an emotion driving
positive learning, but frustration as a negative affect hindering learning processes.

The child’s behavior involved several instances of help-seeking, which was not reduced
as a function of digital proficiency. At the same time, we observed a decrease in other so-
cial behaviors over time. These findings point to the differential relationship between types
of emotions and sharing. Our study shows that as positive affects become less socially
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oriented over time, the child tends to rely on the caregiver only in instances of negative
affect. These findings provide an important view on the role of caregiver as a mediator in
digital literacy acquisition. We observed that the most frequent forms of scaffolding were
questions, followed by statements and acknowledgements. Generally, indirect instructional
approaches relying on praise, indirect commands and questions have been shown to be ef-
fective in boosting child’s exploration, creativity and building self-esteem [26, 27]. We be-
lieve that in situations of carefully selected content, low caregiver interference is beneficial
for digital literacy learning as it promotes children’s creativity and exploration; however,
our data shows that boredom and frustration are negatively associated with learning gains
and in these instances caregiver’s interference would be warranted.

The role of digital media in the lives of toddlers is currently being re-evaluated as
families and educational institutions are facing new challenges with COVID-19. Even
though the findings on the impact of digital media are controversial, experts agree that
balance and moderation is the key to a positive experience with digital media and encour-
age parents to think more about the quality of the content and less about the quantity [28].
The E-AIMS Model which refers to the media that is that is Engaging, Actively Involved,
Meaningful, and Social [29] encourages parents to choose content with clear story lines
that children can understand and relate to, and to actively involve the child in the discus-
sion about the content. This idea is also reflected in the guidelines suggesting that the
child is developmentally ready for digital content as soon as they are able to talk about
their experiences [30]. In our study we observed that Ryan was able to capitalize on his
vocabulary to do so as the content corresponded to his current level of verbal skills (i.e.,
when the doodle was named after completion Ryan was able to repeat the word). At
the same time the Doodle Dots application used in the study only partially aligns with
the E-AIMS model as the application does not encourage social interaction. Monitoring
for the difficulty of the content is an important aspect. The E-AIMS Model encourages
parents to promote active involvement of a child instead of being in “autopilot” mode.
We believe that the content selected in line with E-AIMS recommendations will allow
for some flow experience, where after the initial state of confusion the child effortlessly
completes a series of tasks quickly and effortlessly. The flow state promotes competence
and has been positively linked to learning gains [31]. In our study we identified that when
flow was co-occurring with attentiveness, Ryan was the most proficient with his manip-
ulations and concept identification. We believe that when flow is coupled with a high
attention allocation it should be considered an indicator of successful learning rather than
autopilot mode. When the activity gets too familiar the child might transition into bore-
dom and a more challenging task should be offered, reflecting the principle of the zone
of proximal development. Our findings show that digital literacy acquisition is not linear.

The study has limitations. As an observational case study, external validity is limited
and, caution should be taken in generalizing the results of these exploratory analyses until
these findings are replicated. In addition, due to the ways in which the videos were coded,
the temporal sequence of affects, behaviors, and app-related was not recorded and thus the
researchers could not make any inferences about the directionality or causality between the
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variables of interest. Future studies should employ the use of advanced software, which
would allow to track the sequencing of these variables in order to make stronger inferences
about the nature of their relationships. Another limitation is the lack of other educational
applications that could have allowed the researchers to explore the extent to which these
patterns can be found when the child is exploring other applications. Given that the child in
the current study was not directed to use specific applications by the caregiver and was giv-
en free rein to explore, it may also be beneficial for future research to examine what drives
children to choose specific applications, and subsequent learning experiences, over others.
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DJIeKTPOHHBIE TEXHOJIOTMU HAaOMPaloOT BCe OOJIBIIYIO MOMYJIIPHOCTD U MPE/ICTaBIIe-
HBI KaK B JIOMalllHEM OKPY)KEHHH, TaK M B 00pa30BaTEIbHBIX YUPEKACHHUIX, CHIDKAS
BO3pACT INEPBOr0 KOHTAKTa peOCHKA C DJIEKTPOHHBIMH YCTPOMCTBAMH; MPU ITOM
CYIIECTBYET HEOCTATOK MCCIIEIO0BAHHH, ITOCBSIICHHBIX MIPOLECCY OCBOCHHS dJIEK-
TPOHHBIX TEXHOJIOTHI JETbMH JIOIIKOJIBHOTO BO3pAcTa M CBSI3M JaHHOTO Mpolecca
C COLMAJIbHBIM B3aNMO/ISHCTBHEM. B TaHHOM HCClieIOBaHNH MBI pacCMaTPUBAEM CITy-
yaif 28-MecsiuHOro pedeHKa B mporiecce 00yUCHUS B3aUMOICHCTBHUIO € TUIAHIICTHBIM
KOMITBIOTEpOM. JlaHHBIE B3aMMOJEHCTBHSI PErHCTPUPOBAINCH HA BUJIEO B TEUCHHUE
5 Hezmens. Mcnone3ys KOMOMHALMIO KOJMPOBAHMS BHICO3AIKCEH, aHAIN3a 3annucen
9KpaHa ¥ CTaHJaPTH30BAaHHOTO aKaJeMHYECKOr0 TECTUPOBAHUS HAMU OBUIN TpOoaHa-
JTU3UPOBaHBI 3P PEKTHI, OKa3bIBAEMbIE JICKTPOHHBIMU TEXHOJIOTHSMH Ha Pa3InvHbIe
acrekThl 00yueHus, aheKkTUBHOE COCTOSHIUE PEOCHKA, a TAKXKE POJIb COIHATBHOTO
B3aMMOJICHCTBHS B TIPOIIECCE OCBOSHUSI TEXHOJIOTHH. Pe3ysibTaThl HCCIIEIOBAHMS CBU-
JIETEECTBYIOT O TOM, YTO KOJIMYECTBO OLIMOOK MPE/ICKa3bIBaIO COCTOsIHKE (pycTpa-
LMY, YPOBEHb BHUMaHMsI PeOEHKa, YacTOTy OOpAIIeHHs] KO B3POCIOMY 3a HOMOLIBIO,
a TaKoKe HACTOMYMBOCTb. J[Ba KITFOYEBBIX COCTOSIHUS peOeHKa, 3aTpy/JHEHHE U BHUMA-
TEeJBHOCTh, OBIIM CBSI3aHBI C yJIy4IIeHHEM HaBLIKOB nonbk3oBanus iPad. [TomyuenHsie
JTAHHBIE BHOCST B&KHBIA BKJIAJ B MOHMMAaHHE POJHM 3MOIMOHAIBHOIO KOMIIOHEHTA
B nporiecce HayueHus. [lo Mepe HapacTaHusi HaBbIKa MoJyib3oBaHMs iPad, pebeHok ne-
MOHCTPHPOBAJI POTHBOPEUMBBI TATTEPH COLMATIBHOTO B3auMoAeHCTBUsL. JlaHHOE HC-
CIIJIOBAaHHE SIBJISICTCSI IEPBBIM, HCIIOIB3YIOIMM KOMOMHAIIMIO KaueCTBEHHOMN OIIEHKN
JTAHHBIX HAOJIOAEHNS, CTaH/IaPTU30BAHHOIO TECTUPOBAHUS M KOJMYECTBEHHOTO aHa-
JIM3a MoBeJieHHs1 peOeHKa B Iporiecce NPHOOPETEeH s TEXHUIECKOH IPaMOTHOCTH.

KuiroueBble cjioBa: TOQIEP, TEXHOJIOTHH, TEXHUYECKas TpPaMOTHOCTS, 1Pad.
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B cTaTtbe omuckIBaeTCs perieHne npooIeMbl aBTOMATHYECKON KJIaCTePH3aIMU JIOKY-
MEHTOB cpeIcTB MaccoBoi nupopmarmu (CMI) Ha 0OCHOBE MX CMBICIIOBOTO aHAIN3A.
IIpennaraemoe pemenue 6a3upyercs Ha METOAAX MANIMHHONW IPAMMAaTHKH, CEMaH-
THKO-CHHTaKCHUECKOTO M KOHIENTYaJIbHOTO aHaIN3a TEKCTOB, a TAK)KE Ha METOAaxX
BBISIBJICHHS] TIOHATHHHOTO COCTaBa KOJUIEKIIUN JIOKYMEHTOB U ()OpMaM3aI[ii CMBIC-
JIOBOTO COAEPaHMs TeKCTOB. Pa3paboTaHHBII alropuTM Mpolecca KiIacTepH3aluy
JIOKyMEHTOB 00€CIeYrnBaeT BO3MOXKHOCTb €ro peajn3alii B MOJHOCTHIO aBTOMATH-
YECKOM pexHuMe 0e3 IpeBapUTeIbHOT0 MATMHHOTO O0yYCHUS.

KiroueBble cj10Ba: aBTOMaTHYECKAs KitacTepusanusa 10KyMEHTOB, MalllMHHAS TpaM-
MaTHkKa, CEeMaHTHKO-CUHTAKCUYCCKUI aHAIHN3 TEKCTOB, KOHHCHTyaJIBHBIﬁ aHaJIn3 TCK-
CTOB, aKTyaJILHLIfI KOHHCHTyaHBHLIfI CJIOBApPhb.

BBEJIEHUE

OcHoBHas nies KIacTepHU3alMH KOJUICKIINN JTOKYMEHTOB 3aKJIIOYaeTCs B pa3/ieeHUN
9TON KOJIJIEKIIMM Ha TPYMIBI (KJIacTephl), COBMAJAIOIINX IO CMBICIIOBOMY COAEP)KaHHIO.
3TO MOYKHO JJOCTUTHYTh HA OCHOBE YCTaHOBJICHHUS IPUHIIMIIOB CXOJ/ICTBA M Pa3JInus JIOKY-
MeHTOB. CXOJICTBO CO/IEPKAHUS JIOKYMEHTOB MOKHO YCTaHOBHTH HAJIMUYUEM B HUX CXO[-
HOM IO CMBICITy CHCTEMBI MTOHATHH, a Pa3INIHNe ONPEEISIETCS] OTCYTCTBHEM TaKHX MOHS-
tuil. [Ipu pemennn 3T0# 331241 HEOOXOAMMO U3 BCEH CUCTEMBI MTOHATHH, COEpIKaIeics
B KOJUJICKIIUHM JIOKYMEHTOB BBIJICIIUTH Ty CUCTEMY 3HAUMMbIX (KJIIOYEBBIX) IMOHATHH, KO-
TOpast 00J1a/1aeT JOCTATOYHOM CMBICTIOPA3IMIUTENILHOM CIIOCOOHOCTHIO, 0OeCTIeUnBaIOIICH
BO3MOXKHOCTD Pa3JeNCHNUS JOKYMEHTOB Ha KJIACTEPHI C 3aIaHHON TIOJIHOTON M TOYHOCTBIO.
BbisiBlIeHHE Takoil CHCTEMBbI TOHATHH MOXXHO OOECIEYHTh METOJIAaMH KOHIICHTYalbHOTO
aHalu3a JIEKCUYECKOT0 COCTaBa KOJUIEKIIMM TEKCTOB. Takas cucTeMa MOHSITUH JOJDKHA
COCTAaBUTH OCHOBY CEMAaHTHYECKOTO CJIOBapsi, C MOMOIILI0 KOTOPOTO OyJEeT BBISABISTHCS
MOHATHHHASA CTPYKTYpPa TOKYMEHTOB M CTPOUTHCS UX MTOUCKOBBIE 00pas3bl.

ABTOMaTHYECKOE CO3aHNE CIOBAPS MOHATHH MO KOPITYCY TEKCTOB IOCTaTOYHO MOPOOHO
H3JI0KEHO B padote [8]. OTMETHM TOJIBLKO TO, YTO B OCHOBY KOHIICNTYaIFHOTO aHAJTH3a TEKCTa
TI0JIOKEHBI CHHTAKCHYECKUE, CEMAHTHUECKHE U CTATHCTUYECKUE METO/IbI aHAIN3a TEKCTOB.

CHHTaKCHUECKHE METO/IBI TTO3BOJISIIOT BBISBUTH CHHTAKCHUECKYIO POJIb 3HAYUMBIX CIIOB
U CIIOBOCOYETAHUH B MPEIUIOKESHUN MyTeM YCTAHOBJICHHS MX CHHTAKCHYECKOH poiiu (TIpu-
HAJUIS)KHOCTh K CIIOBOCOYETAHUSIM, SIBJISIOIIMMUCS B TIPEJUIOKEHHUHN TPYIIIOH MOJIeKAIIEro
(cyOBexTa), rpymIioi ckazyemMoro (Ipe/rKaTa) WK rpymnmnoi qonontenus (oobekra)) [6—-10].

CeMaHTHYECKNX METO/IbI O3BOJISIOT BBISIBUTH 3HAYMMBIE B IPEMETHOM 001acTH CII0-
Ba U CIIOBOCOUYCTAHHS ITyTEM HMX COOTHECEHHUS C AJIEMEHTAMH JTAJOHHBIX CIOBapel WM
uX (OPMAIN30BAHHBIX CEMAHTHYECKUX PU3HAKOB C STAJIOHHBIMHU MPECTABICHUSIMH ITHX
npu3HakoB [6—10].

CratucTHYecKre METO/IbI O3BOJISIIOT ITyTEM Ha3HAYCHHS BECOBBIX KO3(D(UIIMEHTOB ycTa-
HOBHUTbH COCTaB 3HAYMMBIX JUIsl KOJUICKIIMM JOKYMEHTOB IOHSITHI, BRIPAKEHHBIX CJIOBAMH H
CJIOBOCOYETAHHSIMH, HA OCHOBE aHAJIM3a YacTOT UX MOSBJICHHS B KOJUICKIIMH JIOKYMEHTOB [2].
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TEOPETUYECKOE OBOCHOBAHHUE
METOJA KJIACTEPU3ALIUN

[Ipeanaraemoe pemeHue 3a1a4n KJlacTepU3auy 0a3upyeTcst Ha KOHLENIUH (ppa3eono-
TUYECKOT0 KOHIIETITYaJIbHOTO aHaiu3a TeKCTOB [7; 8]. B cOOTBETCTBHM C 3TOW KOHIIETITH-
€il CMBICIIOBOE COJIEPIKaHNE TEKCTOB OIMPEAEIACTCS CHCTEMOM TeKCTOBBIX TOHATHH, IPod.
I'T". bennoHOTOB onpenensieT TEPMUH « ‘nouamue ” KaKk « COYyUanbHO 3HAUUMBIU MbICIUMENb-
HbLIL 00pas, 3a KOMOPLIM 6 A3bIKE 3AKPENJIeHO €20 HAUMEHOBAHUE 6 8UOe OMOENIbHO20 C06d
WU, 3HAYUMENbHO Yauje, 8 8U0e YCMOUYUBO20 (PPA3e0I02ULEeCKO20 CL0BOCOUemaHUs...» [6],
U UX CMBICJIOBBIX OTHOIIEHHH, BXO/SIINX B COCTAaB TEKCTOBBIX MPEATIOKEeHUH. CMBICI KaxK-
JIOTO MPEJIOKEHHSI TEKCTa BBIPAXKACTCs Yepe3 MPEANKATHO-aKTAaHTHYIO CTPYKTYPY.

IIpeankatHo-aktanTHas ctpykrypa (ITAC) — onmcanue npeioKeHnil B BUAE MOHS-
THI{-aKTaHTOB, BBICTYIAIONINX B POJIM ONHCHIBAEMBIX 00BEKTOB, M MOHITHH-TIPEANKATOB,
OIIPEACIISIONIMX CBSI3U MEX/Y OOBEKTaMH.

[pemukar (Predicate), cyovext (Subject) m o0bexT (Object) TpencTaBISAIOTCA B
BHUjIe 1A0I0OHOB — 00OOIIEHHBIX CHHTArM B HOPMaJIM30BaHHOM BHJIE:

P={(GS,,, | xeX}, (1)
s={GS,,, | yey}, @)
0={(Gs,,, | zeZ}, 3)
rae x,y,z — HOPMHUPOBaHHbII HAOOP MHICKCOB NIa0JI0Ha U3 ¢ioBapst D 0000IIECHHBIX
CUHTArM;
X,Y,Z € D —MHO)XecTBa CUHTarM cooTBeTCTBYIoLMX 21eMeHToB [TAC u3 cnoBapst D ;
GS,,,,, —00001IeHHas CHHTarMa B HOPMaJIM30BaHHOM BHJE (JIEMMa):

GS :Lemma:{GS | nzl,c:l}, 4)

norm
rae GS . — 0000meHHas CHHTAarMa, IMoTydeHHas IPY aHaJI3€ BCEX JOMYyCTUMBIX TpaM-
MaTHYECKUX IPHU3HAKOB 351eMeHTOB [TAC mpeutosKeHns Wiin CII0BOCOYETAHMS.
CMBICT KaXI0TO MPEUIOKEHHS TeKCTa SSen MPECTaBISETCA Yepe3 ero mpeaukar-
HO-aKTaHTHYIO CTPYKTYpY:

1,J.K 9
SSen= " {S,,P,,O,}+> R .VReR, %)
i,j k=1 q=0

rae 1,J,K,Q — cdeTHbIe MHOXKECTBA.
Wnest kmacrepuzanuu TekctoB CMU 110 CMBICIIOBOMY COJICPKAHUIO Oa3upyeTcs Ha Clie-
JYIOIIHUX TMOCTYJIaTaX U PEIICHUSIX:
1. CopepxaHue KaxJ0ro JTOKYMEHTa OIUCHIBACTCS CHCTEMOW 3HAYUMBIX B MPEAMETHOM
00JTacTH MTOHATHH.
2. OCHOBHOE CMBICIIOBOE COJICPIKAHUC JTOKYMEHTA OMPEACISCTCS CUCTEMOU €ro Kiroue-
BBIX (3HAYUMBIX IS TIPEAMETHON 00JIaCTH) TIOHATHH.
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3HAYUMOCTbh MMOHATHH (Beca CMBICIOBOI 3HAYMMOCTH B TIPEAMETHON 00JIACTH) OIpe/Ic-
JII€TCS CTATUCTUUECKUMHU, CHHTAKCUUYECKUMH U CEMAHTHUECKUMU KPUTEPHUSIMH.
[ToHATHS MOTYT UMETH pa3IMYHOE TEKCTOBOE MPECTABICHUE, HO TIPU STOM OBITH OJH3-
KM TI0 CBOEMY CMBICIIOBOMY CO/ICPKaHUIO.

[TonATHS B TEKCTE CBA3aHBI KaK MapaIuTMaTHIECKUMH (BHEKOHTEKCTHBIMH), TAK U CHH-
TarMaTHYeCKUMH (KOHTEKCTHBIMH) OTHOIICHUSMU.

CuHTarmMaTH4ecKkye OTHOILEHHSI pa3pelatoTcs Ha OCHOBE CEMaHTUKO-CHHTaKCHUECKO-
rO aHaJIN3a TEKCTOB.

[MapagurmaTHdecKie OTHOMICHUS pa3peIIaloTCs Ha OCHOBE MCIIOIB30BAaHUS TAKUX Ce-
MaHTHYECKUX HHCTPYMEHTOB, KaK T€3ayPYyChl M OHTOJIOTHH.

YcTaHOBIIEHHE CMBICIOBOTO TOXKAECTBA IMOHITHHN, MPEICTABICHHBIX OTHUM U TEM Ke
JIEKCUYECKUM COCTaBOM B PA3IMYHOM CHHTaKCHYECKOM KOHTEKCTOM OKPYKEHHH, pa3-
peIaoTCs MyTeM HOPMATIHU3alMK UX JIEKCHYECKOI0 COCTaBa Ha YPOBHE CIOBOM3MEHE-
HUSI WK CJI0BOOOPA30BaHUSL.

Oo1m1ee pereHne 3a1a9u KIIacTepU3AIIH 00SCIIEINBACTCS CIIECAYIONIIMMA TEXHOIOT Y-

CKNMH OlI€palrusIMHU.

1.

Cozfanue akTyalbHOTO CIIOBaps IO TEKCTaM KOJUICKIMH OKYMEHTOB, IOJTyYCHHOTO
ABTOMATUYCCKH U3 YaCTOTHOI'O CJIOBAPA IMMYTEM UCKIIIOUCHUA U3 HET'O BBICOKOYaCTOTHOM
Y HA3KOYACTOTHOM YacTei ATOTo ClIoBaps.

[ToBbImeHus pacro3Haromie crrocoOHOCTH CeMaHTUYECKH 3HAYMMON JIEKCUKHU B aKTy-
AITIbHOM CJIOBape, IIyTEM X COMOCTABJICHHUS ¢ HAaHOOJIee 3HAYUMBIMHU MOHSITHSIME NPeI-
METHOH 00JacTH.

I'enepanuu Ha OCHOBE aKTyaJbHOTO CJIOBapsi HOHATHHHBIX OOpa3oB IOKYMEHTOB
(ITOMT), oTpaxkaromux OCHOBHOE CMBICTIOBOE COJIEPyKaHHUE JOKYMEHTA.

dopmupoBaHMs KJIACTEPOB ITyTEM MocieaoBarensHoro conocrasienus [10/oB noky-
MeHTOB-3TanoHOB 1 [1O/l0B BceX JOKYMEHTOB KOJIEKLIUH, U B CIIydae MPEBBIIICHHS
MIOPOrOBBIX 3HAUCHHUII TAKUE JTOKYMEHTBI BXOJAT B COCTaB KiacTepa. [locie okoHuaHust
Ka)XZ0ro rporecca GOpMUPOBaHUS KJIacTepa 3TOT JOKYMEHT-ITaJIOH H IOKYMEHTHI €ro
KJIaCTepa UCKIIIOYATCS U3 «YEPHOTO CIIHCKay.

[Iponecc kiacTepu3aluy 3aBeplIaeTCs B Cydae MOJHOIO OIYCTOIICHHUS «YEPHOrO
CITHCKay.

Ha 3aBepraromiem stamne Ipon3BOIUTCS yCTAaHOBJICHHE IOKYMEHTa-IIEHTPON 1a KilacTe-
pa (ZOKyMeHTa, CMBICIIOBOE CO/ICPIKAHUE KOTOPOTO B HAMOOIbIICH CTEIIEHH OTPaXKakOT-
cst 00001IIeHHOE CcolepKaHme JOKYMEHTOB KlacTepa).

PEIHIEHHUE 3AJAYU KIIACTEPU3ALIUU
KOJUVIEKIIMU JOKYMEHTOB

Penue 3amaun KJIacTeprU3aliu MOXXHO YCJIOBHO pa3AaCJIMTh Ha HECKOJIBKO 2TalloB, B paM-

Kax KOTOPBIX MPOU3BOIATCS TEXHOJOTHUCCKUE ONEpau (HopMaTu3aIliy MPEICTaBICHUS
COJIEpP>)KaHUEM OTJEbHBIX JOKYMEHTOB, BBISIBIIEHUS! CMBICIOPA3INYAIOIIETO MOHATHITHOTO
cocTaBa KOJUIEKITUH JJOKYMEHTOB HPEICTABICHISI 0000IIEHHOTO COMePKAHUS JOKYMEHTOB
KJIACTEpOB B BHJE Aai/HKecTa KpaTKuX pedeparos.
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Ha nepBoM 3rarie Hy>KHO OIpeIeNIMTh MHOKECTBO CJIOB U CIIOBOCOY. €TaHM IPU3HAKOBO-
T'O MPOCTPAHCTBA, 110 KOTOPBIM OyJIeT NPOU3BOANTHCS YCTAHOBJICHHE CMBICIIOBON CXOXKECTH
CoJiepyKaHusl JJOKYMEHTOB KOJUIEKLMH. J{Jisi 9TOro HEOOXOMMO OIPE/ICNIUTE: 110 KAKUM KpH-
TEPUSIM HY)KHO OLICHUBATH CMBICIIOBYIO 3HAYMMOCTh KaX/IOT0 DJIEMEHTA TIPH3HAKOBOT'O MPO-
CTPAHCTBA M B COOTBETCTBUE C STUMHU KPUTEPHAMHU HA3HAYUTH KAXKIOMY CIIOBY HJIH CIIOBOCO-
YeTaHHIO BECOBOW KOA(DPHIIMEHT HX CMBICIIOBOI 3HAYMMOCTH B IIPU3HAKOBOM ITPOCTPAHCTBE.

BauecTBe MepBI CMBICTIOBOM 3HAYMMOCTH CIIOB M CJIOBOCOYCTAHHN OBLIO PEIICHO MC-
MONT30BaTh cTatucTHdeckyto mepy TF — IDF (TF (term frequency) — 4acToTa CJI0Ba).

TF — OTHOILICHUE YHCIIA BXOXKJICHUH HAUMEHOBAHHS MOHSTHS 00ILEMy YHCITy HauMe-
HOBaHWH MOHATHH HOKyMeHTa. TakuMm oOpa3oM, OLEHHBAETCS BaKHOCTh HANMEHOBAHUS
HOHATHA t; B IIpejeslaX OTAEIbHOIO JOKyMEHTa.

n
TF(t,d):—‘, (6)
2.0
kK k
LI€ 1, . — YUCJIO BXOXKICHUN HAUMEHOBAHUS IIOHATUS t B JOKYMEHT;
an . — o0IIee YncII0 HANMEHOBAHUH MOHATHH B JAHHOM JIOKYMEHTE.
k
IDF — nHBepcHst 4aCTOThl, ¢ KOTOPOH HEKOTOPOE HAMMEHOBAHUE MOHATHS BCTPEUAETCSA
B JIOKYMEHTAaX KOJUIEKIUH. [IJIsl KaXJI0T0 YHUKAIBLHOTO CJIOBA B MPEAEIaX KOHKPETHON KOJI-
JIEKIIMU IOKyMEHTOB CYIIECTBYET TOJIBKO OIHO 3HadeHue /DF:

=logr———— 7
IDF(t,D) Ongi eD| teda}| ’ )

e |D| — YUCJIO JOKYMEHTOB B KOJUICKIIUU; {di eD|te di}‘ — YUCJIO JOKYMEHTOB M3
koyutekuu D, B KOTOpbIX BeTpedaeTes t (korna n, # 0. ).

Mepa TF —IDF sBnsieTcsi IPOU3BEACHUEM IBYX COMHOXKUTEIECH:

TF —IDF (t,d,D) =TF (t,d)x IDF(t,D). (8)

bonpmoit Bec B TF —IDF 1osly4yaT HauMEHOBAHMs IIOHATUI C BBICOKOW 4acTo-

TOM BCTPEYAEMOCTH B KOHKPETHOM JJOKYMEHTE U C OTHOCUTEJIBHO HU3KOHM 4aCcTOTOH B IIpe-
JieJlax BCETro KOpIyca TEKCTOB.

Ho nannas craructuyeckas Mepa B SBHOM BHJIE HE OTPAKAET CMBICIIOBYIO COCTaBIISIO-
IIyI0 HanMeHOBaHUH noHATH. C 3ToH menpio ObuTa pazpaboTaHa CHCTEMa KOPPEIUpPyIo-
IIUX CEMAaHTUIECKUX BECOBBIX KOA((YUIIMEHTOB HAaMEHOBaHN MTOHATHH, BOCTIOTHSIOINX
9TOT 1poden. O00OLIEHHAs Mepa CMBICIOBOM 3HAYMMOCTU HAMMEHOBaHUH noHATuil M,
C YYETOM 3THX K03()(PUINEHTOB BEIYHUCIIAIOTCS IO GOpMyIIe

M, = (TF-IDF) - K, - K, " K- K, " K - Kj,, )
rae:
K, — ko3 duunenT, yauTeBaronuii paclo3HaOIyI0 CIOCOOHOCTh CJIOB IIPH MX HOpMa-
JTU3AIHIH.
K, —kodbduiuent, yyuThIBaIOIUNA BX0XK/IEHHE B 3ar0JI0OBKU CJI0B HIIH CJIOBOCOYETAHUI.
K, —kodddunuent, yyuTbIBalomui BX0XKIEHHE B TE3ayPyC CJIOB MU CI0BOCOYETAHUH.

K, - KOZ-)(b(bI/IL[I/ICHT, y‘II/ITLIBaIOH_II/Iﬁ KOJIMYECTBO CJIOB B CJIOBOCOYCTAHUU.

w

28



Kan A.V., Kozlovskaya Y.D., Kadushkin N.A., Khoroshilov Al-dr.A.
Automatic Clustering of Mass Media Documents Based on the Analysis of Their Semantic...
Modelling and Data Analysis 2020. Vol 10, no. 3.

)Y

K, — ko3¢ duiment, yunTsIBaronmii CHHTAKCUYECKYIO POJIb CJI0BA MM CIOBOCOYETAHUS
B TIPE/IIOKEHAN.

K; — xo3¢¢duLueHT, yuuTHIBAIOIUNA TPUHAATIEKHOCTD HOHATUS K (haMHIbHO-UMEHHOH
rpymre, OpeHay H ap.

Jns peanuzanuu mporiecca yCTaHOBJICHHS MEPhI CMBICIIOBOM 3HAYUMOCTH HaMMEHO-
BaHWH TOHATHI KOJUIEKIUH JOKYMEHTOB OBLIO BBIOJHEHO MCCIEJOBAHHE TI0 CO3/1aHHIO
aKTyajgpHOTO ceMaHTHueckoro cioBapsi (ACK) mns kimacTepusaliyi TEKCTOB METOJAMH
MIPUONMKEHHOTO KOHIIENITYAIBHOTO aHajm3a TeKCTOB [6]. B paMkax 3Toro mcciemoBaHus
OBUT COCTABJICH YaCTOTHBIN CIIOBaph HANMEHOBAHHH MOHATHI U ObUIa COPMUPOBAHA €TI0
XapaKkTepucTHiecKasl TabinIla, yCTAaHABINBAIONAs 3aKOHOMEPHOCTH ITOKPBITHS TEKCTOB
TIOHSITHSIMH, CO/ICPXKAIMMUCS B KOJJICKIIMU JOKYMEHTOB, M PAHTaMH 3HAUCHHH HX 4aCTOT.
B tabn. 1. mpencTaBieHa XxapakTepucTHIECKast TA0INIIA YACTOTHOTO CIIOBAPSI HANMEHOBA-
HUH NOHATHI KOJUIEKIUH JOKYMEHTOB 001uM 00beMoM 2013 1OKyMEHTOB.

Tabmuua 1
XapakTepncTuueckas TadJINIa YACTOTHOTO CJI0BaPs
HANMEHOBAHMI MOHATHI KOJUIEKIIUH T0KYMEHTOB
Panr yacror | Yacrora Kparnocrs | Hakonuennasi| Hakoniiennas | OTHOCHTe/IbHAS

R, f m uacrota A, | kparHoctb A, | Hakom. yact. C

1 55255 1 55255 1 0,030403

2 42487 1 97742 2 0,053780

3 38668 1 136410 3 0,075056

4 38112 1 174522 4 0,096026

5 20854 1 195376 5 0,107500

6 18464 1 213840 6 0,117659

7 16508 1 230348 7 0,126742

8 16391 1 246739 8 0,135761

9 15827 1 262666 9 0,144470

10 14969 1 277535 10 0,152706

20 12311 1 413659 20 0,227604

30 7762 1 512051 30 0,281742

40 6366 1 584223 40 0,321452

60 5326 1 708632 61 0,389905

70 4183 1 756477 71 0,416230

80 3564 1 794862 81 0,437350

90 3217 1 828605 91 0,455917
100 2699 1 858548 101 0,472392
200 1214 1 1052304 209 0,579001
300 760 1 1160452 325 0,368506
400 518 1 1240985 456 0,682817
401 517 2 1242019 458 0,683386
500 366 2 1307201 609 0,719250
600 240 2 1377359 848 0,757853
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Paur yacror | Yacrora | Kparnocrs |Hakomiennasi| Hakomiennas | OTHocHTe bHast
R, f m uactora A, | kparnocts A, | naxoni. yact. C
700 137 27 1467679 1361 0,807549
794 43 31 1608826 3214 0,885211
806 31 47 1635882 3967 0,900098
827 10 500 1695851 7643 0,933094
828 9 426 1699685 8069 0,935204
829 8 692 1705221 8761 0,938250
830 7 681 1709988 9442 0,940873
831 6 1354 1718112 10796 0,945343
832 5 1971 1727967 12767 0,950765
833 4 3306 1741191 16073 0,958041
834 3 5053 1756350 21126 0,966382
835 2 13653 1783656 34779 0,981406
836 1 33793 1817449 68572 1,000000

AHam3 coepKaHus 3TOW TaOIUIIBI TIOKA3hIBACT, YTO YHCIIO PAHTOB YaCTOT HAUMCHO-
BaHUI MOHATHH KOJUICKIIUN JOKYMEHTOB CO/ICPKUT 8§36 paHros, a o0Iee 4uciIo HanMeHO-
BaHMI MOHITHUI B 3TOW KOJUIEKIIUU JOKYMEHTOB BKiItouaeT 1817449 noustuil, u3 KOTOphIX
YUCJIO Pa3HBIX MOHATHH — Bcero 68572. TIpu 5TOM HaUMEHOBAaHUS TIOHATHN B KOJUICKIIMH
pacrpesieneHbl HepaBHOMEpHO. Tak, HaImpuMep MaKCUMallbHasi 4acToTa CIIOBAa «IIPOBEp-
Ka» UMeeT 9acToTy 55255, B To ke BpeMs Oojiee 32 THIC. CJIOB U CJIOBOCOYETAHHNA UMEIOT
gactory 1. B cBeTe mperaraeMbIx pelieHui Mo CO3IaHHI0 aKTYaIbHOTO CEMaHTHYECKOTO
croBaps OBIIIO PEIICHO B3STh 3a OCHOBY cioBapss ACK naHHBIN 9acTOTHBINA CIIOBAPH, UC-
KITFOYHB U3 €T0 COCTaBa BEICOKOYACTOTHYIO M MAJIOUYACTOTHYIO YacTH ciioBapsi. B mpomecce
HCCIICOBAHHH OBLTO YMITMPHUECKH YCTAaHOBICHO, YTO TIOPOTOBBIM KPUTEPUEM ISl HCKITIO-
YCHHS BRICOKOYACTOTHOW JICKCHKH SIBJISICTCS 3HAUCHUE YaCTOTHI PABHOE

ID| 2013
= 1=""""-671, 10
! 3 3 (10)
rae f — BBICOKOYACTOTHOC IMOPOroBOC 3HAYUCHUC, D| — YHCJIO JOKYMCHTOB B KOJI-

JIeKIIHH.

DTOMY 3HAYCHHIO YaCTOTHI B HAMOOJIBILEH CTENICHN COOTBETCTBYET PAHI 4acTOThl R, cO
3ragenreM 300 (325 moHATHH, C MTOKPHITHEM HOHATHH KOJUICKIIUH JOKYMEHTOB Ha 63,8 %).

[Tpu popmupoBaHMN HU3KOYACTOTHOTO MOPOTOBOTO 3HAUCHMS PAHTA YACTOTBHI, OTIpe/ie-
JISIFOILIETO YMCJIO UCKITIOUEHHBIX U3 COCTAaBa YaCTOTHOTO CIIOBAPSI MAJIOYaCTOTHBIX ITOHSTHH,
HEOOXOAMMO MCXOIUTh M3 3HAYCHNSI MUHUMAJILHOTO 00beMa Kitactepa. Ecim npuHsTh, 9To
MHUHHUMAJIbHBIMH 00BEMOM KJIacTepa MOXKET ObITh Kilactep ¢ 00bemMoM He Menee 10 oky-
MEHTOB, TOT/Ia HIKHEE ITOPOroBOE 3HAYCHHSI YaCTOT IPUHUMAET paBHOi 10:

f=|minclast|:10, (11)

rae f — HUJKHEC NOPOTOBOC 3HAYCHUC, minclast| — MUHUMAJIbHOC Y1CJIO TOKYMCH-

TOB B KJ1acTepe. DTOMY KPUTEPHIO B JAHHOM CiTydae OyJeT COOTBETCTBOBATH KOJIMIECTBO
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pa3HbIX MOHATHI paBHOE 7643 C MOKPHITUEM MOHITHI KOJJIEKIIMHU JOKYMEHTOB PAHTOM
yactot 6osee 10 Ha 93,3 %.
B stom ciryuae o6sem ACK Oyner paBeH:

N=4,[R(N]-4, [Rf([)}:7643—325:7318. (12)

[TokpsITHe TOHATHH KOJUIEKIMM JoKyMmeHToB mnoHstusmu ACK Oyner pasen 30 %
(93,3 %.-63,8 = 29,5 %). Takoe 3nauenne nokpuiTiss ACK cOOTBETCTBYET SMIHPHUYECKU
YCTaHOBIICHHOMY ONTHMAIIbHOMY 3HAUEHHIO MMOKPBITHS aBTOMATUYECKHU CO3/]aBaEMbIX CJIO-
Bapeit ACK mist pa3nmiaHBIX KOJUICKIIMH TEKCTOB. BeeM aneMeHTaM clioBaps Ha3HAYaIINCh
BecoBbIe KO3 GUIHEHTHI 10 hopmynaM (8, 9).

[IpoBeaeHHBIC SKCIIEPUMEHTHI TOKA3aIH HEJTOCTATOYHYIO CMBICTIOPA3INYAIOIIYIO CIIO-
cobnocth ACK, 00ycioBieHHy10 TeM (pakTOM, 4TO CEMaHTHUECKH 3HAYMMBIC JUIS 3a/1aH-
HOUW TeMaTHKEe OJJHOCIIOBHBIE IIOHATHS U a00peBHATYPbl MIMEIOT HEIPHEMIIEMO HU3KHI Be-
coBoii koaddurent. [ToaToMy ObUIO pElIeHO YBEIUYUTh BEC CMBICJIOBON 3HAUMMOCTH TEX
OJTHOCIJIOBHBIM MOHSTHSIM, KOTOPBIE BXOIAT B COCTaB pa3pab0OTaHHOTO B MPOLECCE TAaHHOTO
HCCIIeI0BaHMs TeMaTnieckoro KoHuentyansHoro ciosapst (TKC) u nepenazHauuts B ciio-
Bape ACK ux BecoBbie kK03 uIMeHTsI. Te MOHATHSI, KOTOPbIe ObUTH HACHTH()UIIMPOBAHBI
C 3JIEMEHTaMH cJIoBaps, BKitouanuch B coctaB ACK n 1M npricBauBaiich HOBbIC BECOBBIC
K03()(DUIMEHTHI CMBICIIOBOW 3HAYMMOCTH B COOTBETCTBHHU C (DOPMYJION:

Wpos = N2, eciu N > 1

Wpos = f #{ Wpps = 10,eciu N = —, » (13)

KAbr:

rae f —wuacrora; N — 4ucIo cloB B cioBocouetanuu; K, — B cioBape TKC ompe-
JeneHo kak abbpesuatypa; K, — B cmoBape TKC ompeneneHo kak 3HaUMMOE MOHATHE
MIPEeAMETHOH 00J1acTy.

DKCHEepUMEeHTHI, TIpoBeieHHbIe ¢ MoanunnpoBaHHbIM ACK ¢ MOBBIIICHHBIMH BECO-
BBEIMH KO3()(OUIIEHTAaMI 3HAYNMBIX TOHSATHH, MMOKa3anu ero 3((eKTUBHOCTh, YBETHINB
Bec [IO/1oB 1oKyMeHTOB mpUMepHO Ha 15 %, 1 pu 3TOM CyIIECTBEHHO MOBBICUIIACH POJIb
TeX MOHATHH, KOTOPbIE B HAHMOOJIBIIIEH CTENIEHH ONPEIENISIOT OCHOBHOE CMBICIIOBOE COJIEP-
KaHUE JOKYMCHTOB.

Ha BTOpOM 53Tame mo TeKcTaM KaXKI0ro JOKYMEHTa KOJUIEKIHH ObLI aBTOMAaTHUIECKH
copMHpoBaH NOHATHHHBIH 00pa3 kaxoro gokymenrta (I10/]) komnexkuun. @opmMupoBaHue
[1O/1a ocy1ecTBIsIIOCH yTEM BBISIBICHUS U HACHTU(QHKAINK B IOKyMEHTE TIOHATHH, SBIISI-
rormxcs 31eMerTamu ACK. TIpu 3ToM mporiecc uaeHTH(GUKANNS TOHATHI MTPOM3BOANIACH
Ha ypOBHE CIIOBOM3MEHHUTEIILHOW HOPMAJIU3ALMH CJIOB, BXOAAIINX B COCTaB MOHSATHH.

Jia xaxmporo I10/]a moxyMeHTa BBIYHCISUIACH €0 CEMaHTHUYECKas XapaKTepUCTHKa
(ITon cemanTnueckoii xapakrepuctuko [10/la moHNMaeTcst COBOKYITHOCTD TPEX rapame-
TpoB: 1) uncmo amemenToB [loma; 2) uncio BrICOKO3HAUNMBIX ToHATHH; 3) Bec [10/a., xo-
TOpast NCTI0JIB30BaIACh MPH (POPMUPOBAHUY MEPBOHAYAIBLHOTO CIICKA KI1aCTEpOoOpas3yo-

31



ApToMaTmueckas Kractepusaliys JokymeHTos CMVI Ha ocHOBe aHaIM3a VX CMBICJIOBOTO. ..

i Kan A.B., Kosaobcxan £.1., Kaoyuwxun H.A., Xopowiuiob As-p A.
Mopenuposanue n anaim3s gaHHbIx. 2020. Tom 10. No 3.

IIMX JJOKYMEHTOB KOJUIEKIIMH. B criMcok kiacTepooOpa3yonyx J0KyMEHTOB BKIIFOUAIUCh
JIOKYMEHTBI, CEMAHTHUECKasi XapaKTepUCTUKA KOTOPBIX MPEBbIIIAa MOPOroBOE 3HaUCHNUE.

Ha tperbeM aTarme BBIMOJHSIICS MPOLECC aBTOMATHUECKOTO (hOPMHUPOBAHUS KilacTe-
POB KOJUIEKIIUH JOKyMEHTOB. DOpMHUpPOBaHME KaXKI0T0 KjacTepa MPOU3BOIMWIOCH ITyTEM
conocrasienus annementoB 110/oB kiacrepoobpasytomero gokymenrta ¢ [10/Jamu Beei
KOJIJIEKIINM TOKYMEHTOB. B mporecce takoro comocraBienust [10/loB BeIUUCIANIOCH OT-
HOIIICHHE CYyMMBI BecOoB coBmaBimx 3aemenToB [10/1a ¢ Becom [10/]a kimactepoobpasyro-
1IeTo JOKYMEHTa. B 3aBUCHMOCTH OT 33JaHHOTO MTOPOTOBOT0 3HAUYEHHS 3TOTO OTHOIICHUS
MIPUHUMAJIOCH PEIIEHHE O BKIIOYEHUE JOKYMEHTa KOJUIEKLIUU B KJIacTep JIaHHOTO KjacTe-
pooOpazyoIIero JOKyMEHTa.

Jlist cyiecTBeHHOTO yMeHblIeHus yncia cpaBHeHuit I10/{oB 10KyMeHTOB KOJJIEKIHH
B TIpoliecce KJIaCTepU3aIuy OBbUIO MPUHSTO CIEAYIOIIee AOIyIeHNUE:

Ecnu npoyenm cosnadenus éecos [10/]06 kiacmepooobpasyiowje2o 00KyMenma u cpas-
HUBAEMO20 OOKYMeHma vluie nopo2osoo (nanpumep, eviue 30 %), mo smu 0oKymeHmobi
ABNAIOMCS CEMANMUYECKU ONUSKUMU U 8 OATIbHEUueM JMOm CPAGHUBAEMbIL OOKYMEHN He
O00IHCEH UCNONBb30BAMBCS 8 KAYECMEE KIACMEPO00OPA3YIoue2o.

B pamkax 3THX JOIyIIEHHI OBIJIO PEIICHO OpraHM30BaTh JBa CIHCKA JIOKYMEHTOB, U3-
MEHSIIOIIMXCA B Mpoliecce kiacTepu3auu. [IepBolii cucok («uepHbIiDy) TOKEH BKIIIOYATh
JIOKYMEHTBI, KOTOpbIe OYyIyT MCIIONb30BaTh B KauecTBe Kiactepoobpasyrommx. IlepBoHa-
YaJbHO OH C()OPMHPOBAH Ha OCHOBE UCIIOJIb30BAHMS CEMaHTHYECKHX Xapakrepuctrk [10/]a.
B niporiecce kinacrepuzanuu (popMHpOBaHHs KIIACTEPOB) U3 HETO JIOJDKHBI UCKITFOUAThCS TC
JIOKYMEHTBI, KOTOPBIE YK€ MCIOJIB30BATMCH B KQUECTBE KJIACTEPOOOPA3yIOLIUX U TE JOKY-
MEHTBI, KOTOpbIE MOMaIN XOTs Obl B OJIMH U3 C(POPMUPOBAHHBIX Ki1acTepoB. [Ipn3zHakom 3a-
BEpIICHNS Mpoliecca KIacTepH3aliu OyIeT OTCYTCTBUE JIOKYMEHTOB B «YEPHOM)Y CITHCKE.

OnHOBpPEMEHHO ISl KOHTPOJIS TIpoliecca KilacTepu3aliy OyeT co3/1aH MMOCTOSHHO I10-
TIOJTHSIEMBIH CITMCOK («OEJbli» CHCOK) JJOKYMEHTOB, BXOJSIIIIUX XOTsI ObI B OJTMH U3 chop-
MUpPOBaHHBIX KiacTepoB. [1o 3aBepiieHuIo mpolecca KIacTepu3aliy KOJIHMUECTBO JOKY-
MEHTOB «0€JI0ro» CIUCKA JOJKHO OBITH PABHO KOJIMYECTBY JIOKYMEHTOB KOJIJICKIINH.

3aBepIIaroM 3TaloM Ipolecca KIACTepU3aliK SBIAIOTCSA ONepaluyd HaXOxXJICHHE
LEHTPOM/IA ISl KAKIOTO KiacTepa, GopMHpOBaHHUS Ha3BaHMUs KlacTepa, a TAK¥Ke IPOBEpKa
WCTHHHOCTH TIpoliecca KiacTepu3alun. B mpoiecce Takoll MpOBEPKH JIOJKHO OBITH ycTa-
HOBJICHO, YTO B Ka)KZAOM JIOKYMEHTE KOJUICKIIMH COJEPXKHUTCS 0000IIEHHOE CO/epKaHue
KJlacrepa. DTy MPOBEPKY MOKHO OCYIIIECTBUTD ITyTeM (DOPMHUPOBAHMUS Tl PKeCTa KpaTKuX
pedeparoB TOKyMEHTOB Kiactepa. Bee aTu ornepanyn 0a3upyroTcst Ha HCIOJIB30BaHUH aB-
TOMATHYECKH CO3/1aBaeMOT0 KOHIenTyaibHoro cioBaps kiacrepa (KCK). DtoT crnoBaps
CTPOMTCS [T KaXJI0TO KJIacTepa Ha OCHOBE aHAIM3a COJIEPKAHUSA TOKYMEHTOB, BXOJISIINX
B JJaHHBIN kiactep. [lonck 1ieHTponaa ocymecTBIseTCs MyTeM «B3BEIINBAHNA» BHOBB I10-
ctpoenHbix [10/]oB nokymeHToB Kiactepa no cioBapio KCK u yoBIeTBOPSIONINX IBYM
ycnoBusM: 1) [TO] ToOKyMEeHT J0JIKeH UMETh MaKCUMaJIbHBIN BeC, 2) HCTOYHUK IOKyMEHTa
JIOJDKEH OBITh BKITIOYEH B CIIMCOK BEPUPHIIMPOBAHHBIX HCTOYHUKOB.
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TEXHOJIOTHYECKHWHA MPOIECC
KIACTEPU3ALIHNU KOJUVIEKIIUU JOKYMEHTOB

Ha ocHOBe npe/1/T0’)KEHHBIX PEIICHH ObLT pa3padoTaH 0000IICHHBIH TEXHOJIOTHYCCKHIA

npouecc KilacTepulalum, COCTOHIIII/Iﬁ n3 CICAYyOIuxX onepaunﬁ:

1.1
1.2

2.1
2.2
23
2.4

2.5
2.6

3.1
32
3.3
34
3.5
3.6
3.7
3.8
4.1
4.2
43
5.1

52
53

Jtan 1. KouBepTipoBanue u (popMaabHO-T10THYECKH I KOHTPOJIb KAXK/I0I0 JOKY-
MEHTAa KOJJICKIHH

KonBepTupoBaHie NCXOAHBIX TEKCTOB BO BHYTPUCHCTEMHbIH (hopmar.

Bemonnenue ¢popmansHo-norudeckoro koutpois (PJIK) Tekcra.

Irtan 2. CeMaHTHYECKHIl aHAIN3 TEKCTa KaKA0T0 JOKYMEHTAa KOJIJIeKIHH
I'paemarnyeckmii aHann3 TeKcTa.

Mopdonoruuecknii aHaau3 CIOB TEKCTA.

Boinenenne HaMeHOBaHUM OHATUN TEKCTA.

Hopmanu3zanus HaMMEHOBaHUN NOHATUMN, BBIIEICHHBIX U3 IPEAJIOKEHUS.
HcknroueHnne He3HAUNMBIX CJIOB U CJIOBOCOYETAaHHUN MO CIOBAPIO CTOMN-CIIOB.
IToctpoenue crucka GopMann30BaHHBIX HANMEHOBAHHUH MOHATHH TOKYMEHTA C yKa-
3aHUEM YacTOT UX BCTPEYAEMOCTH.

Iran 3. [locTpoenne akTyaabHOro KoOHUenTyaasHoro ciaopaps (AKC) pasa kaa-
CcTepH3alNU KOJUICKIUH JOKYMEHTOB

Coznanne MaccuBa Bcex (DOpMaTM30BaHHBIX HAUMEHOBAHHMM TOHATHH C yKa3aHHEM
4acTOT UX BCTPEUYAEMOCTH B JOKYMEHTAX KOJIIEKIHH.

[TocTpoenue yacToTHOTO ciioBapsi (HOpMaTu30BaHHBIX HAUMEHOBAHUH MOHATHHA KOJI-
JIEKIUH JOKYMEHTOB.

ITocTpoeHne XxapakTepUCTUIECKO TaOMUIBI YaCTOTHOTO CIIOBAps KOJUICKLIUHU JIOKY-
MEHTOB.

OmnpezeneHre BEPXHETO U HIKHETO TOPOrOBOTO 3HAYEHHUS YaCTOT CIOBAPSL.
®DopmupoBaHue NOHATUIHOrO cocTaBa cnosapst AKC.

Haznauenue BECOBOro 3HaUEHUS CMBICIIOBON 3HAYMMOCTH HAaUMEHOBAHMSM TOHITHI
croBaps.

Koppektuporka 3nauenuii BecoB nousituii AKC 1o TemaTiueckoMy KOHIIETITYallbHO-
My cnoapio (TKC).

I'eneparus mammuHoro npeacrasienus AKC.

Jrtan 4. [locTpoenne nousaTuiinoro oopasa goxymenrta (II01a) konnexuuu
BrlsiBnenue B TekcTe HaMMEHOBaHUM MOHATHI 1o cioBapro AKC.

®opmuposanus [10/1a nokymeHTa.

Haznauenue xaxxaomy amementy [10/]a BeCOBBIX XapaKTEPHCTHK.

Iran 5. Knacrepusanus KoJIeKIIMH TEKCTOB

[Monyuenue uHpopmaimu o ceManTuueckux xapakrepuctukax [10/loB 1okyMeHTOB
KOJIJICKITHH.

DopMHPOBaHUE NTEPBOHAYATBHOTO «UEPHOT0» CIIHUCKA JOKYMEHTOB KOJIJIEKITHH.
ITocnenoBarensHoe conoctapieHue I10/[0B «4epHOT0» CIUCKA JOKYMEHTOB C JIOKY-
MEHTAaMHU KOJUIEKIIUH.
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5.4 BeneHne «4epHOro» M «OEJI0ro» CHUCKOB JOKYMEHTOB KOJUICKIIMU B TIpoliecce Kia-
CTepHU3aIHH.

5.5 ®opmupoBaHHE KIACTEPOB Ha OCHOBE aHAM3a pe3yibpTaToB comoctasneHue [10/lo
JIOKYMEHTOB.
Jrtan 6. YcTaHOBJICHHE IEHTPOU/IA KJIacTepa

6.1 Brlgenenne HaMMEHOBAHWH TIOHATHH U3 JJOKYMEHTOB KJ1acTepa.

6.2 Hopmanm3anns HANMEHOBAaHUH MMOHATHH, BBIICICHHBIX U3 TIPEIOKEHHS.

6.3 VckmodyeHne He3HaYMMBIX CJIOB U CIIOBOCOYETAHUH 1O CI0BApIO CTOM-CIIOB.

6.4 Tloctpoenue cnucka (HOpMaIM30BaHHBIX HAUMEHOBAHHUH MOHSATHH JJOKyMEHTA C yKa-
3aHHEM YacTOT UX BCTPEYAEMOCTH.

6.5 ®opmMupoBaHHE TOHATHHHOTO COCTaBa KOHIENITyaabHOTO cioBaps kmactepa (KCK).

6.6 HasnaueHne 3Ha4eHUI KOA((QHUIMICHTOB CMBICIOBOH 3HAYUMOCTH HAWMCHOBAHHSIM
nonsituit cnosapst KCK.

6.7 Koppektupoka 3Hauennii BecoB nousatuii cioBaps KCK mo TKC.

6.8 Tenepamnmsa mamuHHOTO TIpencTasneHns KCK.

6.9 ®opmuposanus [10/]a noxymenToB knacrepa no ciosapro KCK.

6.10 Ompenenenue Beca [I0/loB nokymMeHTa KiacTepa.

6.11 Ompenenenne NEHTPOUAA KiIacTepa.
Otan 7. 'enepanusi 06001IeHHOT0 COdepP:KAHUA KJIacTepa B BH/e AaliIxKecTa pe-
deparos

7.1 OmpeneneHue MeCTONOJIOKEHUSI HANMEHOBAHUH MOHATHH B MPEIOKEHUSIX JOKYMEH-
TOB KJIacTepa.

7.2 BwrumciaeHne CyMMapHBIX BECOB MPEUIOKEHUH TOKYMEHTA.

7.3 VYcranopneHue 3a1aHHbIX N IpeIOKEHUH ¢ MAKCUMaIbHBIM BECOM.

7.4 TlocTpoeHue KpaTkoro pedepara Kax10ro JOKyMEHTa, COCTOSIIETr0 U3 3arojioBka 1 N
3aJJaHHBIX TPEATIOKCHUN C MAKCUMAJIBHBIM BECOM.

7.5 ®opmupoBaHHe HaiKecTa 0000IIEHHBIX pehepaToB TOKYMEHTOB KiIacTepa.

Ha ocHOBe npeuT0’KeHHBIX TEOPETHYECKUX PEIIeHUH ObIII0 pa3paboTaHo SKCIIepHUMEH-
TaJIbHOE IIporpaMMHoOe obecrieueHne. PazpadoTanHasi mporpaMMHO-TEXHOJIOTHYECKast CXe-
Ma TIpoliecca KiIacTepu3aliuy JOKyMEHTOB IpuBeeHa Ha puc. 1. [IpencraBnenHas cxema
COCTOUT M3 MIPOTPAMMHOTO MOTYJISl XpaHCHHUS IEKITAPATUBHBIX CPEICTB M CEMH ITOCIIEIOBA-
TEJIEHO BBITIOJIHSAEMBIX TPOTPAMMHBIX MOJTYJICH!

Monyns kouBepTupoBanus U OJIK koIeKIuN TeKCTOB.

Moyns ceMaHTHYECKOTO aHAIN3 TeKCTa JOKYMEHTA.

Momyns moctpoenust AKC.

Monayns noctpoenus [101a.

Mopyb KJIacTepU3alui KOJUIEKIIUN TEKCTOB.

Moynbs yCTaHOBICHHS [IEHTPOUIA KIIacTepa.

Momyns reHepanuy 0000IIEHHOTO COAep KaHus KilacTepa.

B cBoto ouepens, kak BUAHO Ha pUC. 1, KaXIblii IPOrPaMMHBIN MOAYJIb COCTOUT U3 He-
CKOJIBKMX (DYHKIIMOHAIBHBIX MOJyJIEH, BBITIOJIHSIOMINX KOHKPETHYIO 1I€JIEBYIO (DYHKIIHIO.
Peanuzanus ¢aiinoBoro ooMeHa MeX1y MPOrpaMMHBIMA MOIYJISIMH U MOIYJISIMU TIO3BO-
JISIeT B NOJHOHN Mepe KOHTPOIMPOBATh MPOLECC KIACTEPU3alMU HA PA3IUYHBIX €r0 dTanax.
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BxogHOW
noTok MporpammHbIil Moayns
CEMaHTH4EeCKoro aHaln3sa
TEHCTOB

Moaynb rpademaTiyeckoro MporpammHbid moaynt

—t» S
MporpammHbii MogyAbL aHanuaa noctpoerms AKC
HKOHBERTUPOBAHUA 1 MoJynb CO303HUA MACCUBa
$opmanbHo-NorMYeckoro Moayae —T ¥ dopmanuzosaHHbix HIMC
— mopdonorHyeckoro 1 4YacToTamu
HOHTPONA TEKCTOB
aHanusa
L Moayns nocTpoeHun
[ Moayne KoHBepTUPOBaHHA Moaynb BblASNEHHA YacTOTHOrO CNoBapA
HaWMeHOBAaHWA NOHATHIA
Moaynb nocTpoeHMa
Lo Mogyab fopmaneHo- 1 > XapaKTepHUCTUYECKON
AU CHArD-KDHTRANN L Moaynb Hopmanusaimm HN |—| TabANLLI
Moayne HazHayeHua
MoayAb MCKAKUEHWA CNOB I BECOBOra 3HaYeHuA
1 W CIOBOCOYERTAHWIA MO — CMbICNOBOM 3HauMMocTi HI
CAOBAPIO CTON-CA0B
Moy b reHepatiuu
Moayns NOCTPOEHUA L_{ p! MawmHHaro npeacTasnenus
1 cnucka GopmManMIoBaHHBIX —— AKC
HM ¢ yacToTamm
. “
MporpammHblia Moayns MporpammHbIA MoayNb Mporpammubiil moayns
noctpoexua NOfa Knactepu3iaunm YCTaHOBAEHWA LeHTpouaa
Moaynt GopmupoBaHua
Ay GOpMHp Moaynb hopMupoBaHus
| Moaynb ebiasneHua HI no «yepHoron» U «Genoron T KCK —1
cnosapio AKC CNUCKOB
Moaynb conocTasneHmun Moay/b reHepaumum
| ol Mogysb dopmuposarma | | | NOfos «uepHOros cnucka ¢ ——— P MALMHHOTO NpeacTasnequs ——
nofa AOKYMEHTAMI KONNEKUUK KCK
Moaynb hopmupoBatmua
P Moaynb BefeHWA CNMCKoE  —1— > —t
o i Ba) » nopa no cnosapio KCK
Magynb GopPMUpOBAHUA .|  Moayne enpeaenequs
> 1
Knactepos l UEHTPOMAa KnacTepa
-

[TporpamMmHbIit MOAYNbL XpaHEHWA JEKNapaTUBHbIX CPe/CTB

MporpammHebIit mogyne
reHepauuu faitgxecta
pedepaTos

Moaynb BblurCneHUA
Y pi BECOB T
NpeanoMeHui AoKyMaHTa

h 4

XpaHunuue maccuea
METaMHBOPMaLMK TEKCTOB

Maay b yeraHoBAEHWA
> it N npeanomeHnin —
€ MEKCHMB/bHBIM BECOM

Moaynb noctpoeHus

pedepatos
Cnosapu ana Cnosapu AN
moaynA
“n il
Moaynb hopMuposaHus ¢opz:i:i:unn CnoBapb CTON-CAOB Mo GnonAgOTe

Aanmecta 06obUeHHbIX  —
pedepatos

ananwnsa

4

Puc. 1. Cucmema xnacmepusayuu 0OKymeHmos
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3AK/IIOYEHUE

B crathe omucaHo pelieHue 3ajjaud aBTOMATUYECKON KIacTepU3allMd JOKYMEHTOB
CMMU =Ha 0CHOBE HX CMBICIIOBOTO aHanu3a. [Ipeamaraemoe pemieHme 6asupyercs Ha METO-
Jlax MalIMHHON TpaMMaTHKH, CEMaHTUKO-CHHTAKCHYECKOTO ¥ KOHIIENTYaJIbHOTO aHaIn3a
TEKCTOB, a TAKXKE HAa METO/aX BBIBJICHHS NMOHATHHHOTO COCTaBa KOJUIEKIMH JOKYyMEH-
TOB M (hOpMasM3alMy CMBICIOBOTO COJIEPYKAHUSI TEKCTOB. ABTOMATHYECKOE BBISIBICHUE
B TEKCTaX HAMMEHOBAaHWI MOHATHH (CYIIHOCTEW) Oa3zmpyeTcss Ha METOAaxX KOHIENTY-
aJIbHOTO aHAJIN3a TEKCTOB U METOJMKE BBIYMCIEHHS MEPBl UX CMBICIOBON 3HAYMMOCTH,
UCTIONIB3YIOIIEH CTaTUCTUYECKHE, CHHTAKCUYECKNE W CeMaHTHUYecKue mpu3Haku. Ha oc-
HOBE IPEVIOKEHHBIX METOJIOB pa3paboTaHbl aJITOPUTMBI M NIPOrpaMMHOE oOecrieueHue
ABTOMAaTHYECKOH KinacTepu3anuu JokyMeHToB CMU Ha 0CHOBE MX CMBICIOBOTO aHAJH3a.
[IpoBeneHHbIE SKCIEPUMEHTHI MOKa3aIH paboTOCIIOCOOHOCTh MPEUIOKEHHBIX PEIIeHUH
aBTOMAaTHYECKOW KIIaCTEPU3aIMH KOJJIEKIINU JOKYMEHTOB U BO3MOKHOCTh MX HCIIOJIB30-
BaHUsI B IPOMBIIIUICHHBIX peaTU3alusiX.
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BBEJIEHUE

B cuity ocobenHocTell oprannzainuu mponecca o0ydeHus B IIKOJIBHBIX Kilaccax, 3ada-
CTYIO0 yUEHHKaM HE XBaTaeT BPEMEHH ypoKa Ha PEIICHHE 33/1ad I10Jl KOHTPOJIEM YUUTEIs.
B pesynbrare npuOeraror K yciayram pereTuTOpOB Wi K caMoo0ydeHuto. J{i1st ocyecTniie-
HUSI CAMOCTOSITETIbHOMN ITOTOTOBKH B TIOCIIETHHUE TO/IbI CTAHOBSTCS MOIYJIAPHBIMU Pa3iIid-
HBIE 00pa30BaTelIbHbIe OHJIAHH CEPBUCHL. Y 3THX CHCTEM €CTh HEKOTOPBIE HEIOCTATKH, OJTHH
13 KOTOPBIX — 3TO HEBO3MOXKHOCTD MHANBHUIyalbHON HACTPONKH MO KOHKPETHOTO MOJIb30-
BaTeJIs, HEMOJIHAS AaBTOMATH3aIMs, )KeCTKast HerHOKasi CTpPYKTypa Iporiecca TECTUPOBAHUSL.
CymecTByromme CHCTEMBI B 001aCTH AIeKTpOHHOTo 00y4enus [13, 15, 17, 20] B ocHOBHOM
pemratot Oosee MpocThie 3aJa4r. DTO CBSI3aHO B IIEPBYIO OYepeIb C OTCYTCTBUEM MOAXO/Is-
IIEr0 MaTeMATHYECKOTO aIllapara U CI0KHOCTSIMU B pealn3allii MOJOOHBIX CUCTEM.

B nanHoi1 paboTe npeioskeH MoAX0 1 VISl peleHus] TOJOOHBIX 3a/1a4, OCHOBAaHHBIN Ha
KOHIIETITE aJalTUBHOTO OOYYEHUs ¢ NCIOIH30BAHNEM MAapKOBCKUX IpoIeccoB [2-3, 5-7,
10, 12, 18-19].

OTOT MOAXO0] SABIAETCSA aJbTEPHATUBHBIM aJaNITHBHBIM TEXHOJIOTHSIM OCHOBAHHBIX Ha
coBpemenHnoii IRT (Item Response Theory) [14, 16, 22—24]. ba3oBslii Te3uc chopMyIupo-
Ban I'. Pammem [21]: BeposATHOCTh PAaBUILHOTO OTBETA HA 3a/IaHUE ONIPEIEISIeTCS Pa3IMyH-
€M B OLICHKAX CJIOXKHOCTH TE€CTa, YPOBHS 3HAHUM, YMEHUI WU APYTUX KOHCTPYKTOB U BbI-
pakaetcst GyHKIMEH cUrMOUIHOTO THIa. [IpakTHYecKoe HCIOIb30BAHUE ITON HICH UMEET
HEKOTOPbIE OrPaHUYEHHS: CTATHYHOCTH OLIEHOK, OOJIbIIIOE KOJIMUECTBO 33/IaHHUM, TPYHO-
CTH TP IOCTPOSHHH OIIEHOK U TMHAMHKH BPEMEHH, 3aTPAuCeHHOTO Ha PEIICHHE 3a/1ay.

OnHa U3 TI1aBHBIX TPOOJIEM a1IallTHBHOTO BBIOOPA 33124 (OCHOBAaHHBIX Ha orieHkax IRT)
CBsI3aHa C MIPHUMEPHBIM PaBEHCTBOM BEPOSITHOCTH MTPABMIIFHOTO M HETIPABHIIBHOTO BBIMON-
HEHHUs 3a7a4. DTO JeNaeT Pe3ybTaThl TECTUPOBAHNS B OCHOBHOM 3aBHCHMBIMU OT BHEII-
HUX U CITy4ailHBIX ()aKTOPOB, KOTOPHIE HE CBSI3aHbI C N3MEPSIEMBIMHA KOHCTPYKTaMHU.

B 2010-2012 0w pa3paboTaH METOA aJaNTHBHOTO TecTupoBaHus [8-9, 11], ocHo-
BaHHBIH Ha MCHOIB30BAHUH UAECHTU(GHUINPYEMBIX MAPKOBCKUX MOJIENIEH C HETIPEPHIBHBIM
BpeMeHeM u OaifecoBCKUM KiaccupukaTopoM. B pasButme storo pesymsrata B 2017 T.
ObUTa IpeyIo’KeHa HOBAst BEPCHSA MapKOBCKOM MOJIENHN aIallTHBHOTO TECTHPOBAHUSA C JTUC-
KPETHBIM BpeMeHeM [ 1], koTopast mpeArnosaraeT OleHKH KOHCTPYKTOB C HCHOJIb30BaHUEM
MIPECNIBHBIX PAcIpeeNieHH BepOSITHOCTEH HaXOKICHHUSA B COCTOSHHUSX, PACCUUTAHHBIX
C UCTIOJIb30BAaHMEM MaTPHIl BEPOSTHOCTEH Iepexoaa. DTOT MOIX0/] MOKHO PacCMaTpUBATh
kak pacuupenue IRT, nockonbky B kadyecTBe KOMIIOHEHTA UCTIOJIb3yeTCst Mozens ['. Pama.

Co3iaHHBIE MAapKOBCKHE MOJEIH aJalTHBHOTO TECTHPOBAHMS CTaIM OCHOBOM JUIst
pa3paboTKK aganTUBHOrO TpeHaxkepa [4] aas o0ydeHus: HepOPMaIM30BaHHBIM HAaBBIKAM
1 YMEHUSIM, HEOOXOIUMBIM JJIsl PELICHUs] MaTEMaTHIeCKNX M APYTUX 33134 JOCTaTOYHO
BBICOKOH CIIO’KHOCTH, TPEOYIOUTNX OBIAJCHHUSA KaK CTaHIAPTHON METOIAMKON IMOCTPOSHUS
paccyX/IeHHH, TaK 1 3JIEMEHTaMH TBOPYECKOTO MBIIIITICHHSL.

B nepByto ouepenb aganTHBHBIN TpeHaXep cuuTaeTcsi Hanbonee 3(pPEeKTUBHBIM B CITy-
Yasx, KOraa HeoOX0ANMO YIOPSIOYUTh TTOJTyYeHHBIC 3HAHUS M HaBBIKH, HAIPUMED, JUIS
MOJTOTOBKM K 3K3aMEHaM IIpH pEIICHHH HehopMalu3yeMbIX 3ajgad (MaTeMaTHYecKue,
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TEeXHUYECKHE, AITOPUTMUYECKUE U T.I1.). Takxke BaXKHO 3aMETUTh, YTO JIaHHBII CEepBUC HE
SBJISIETCS 3aMEHOH YUHTEIs, @ CKOpee IOMOHSET CYIIECTBYIOLIMH ITPoIecc 00ydeHus, pac-
LIPS BO3MOKHOCTH CaMOIIOJTOTOBKH.

OIMUCAHUE MATEMATHUYECKON MOJEJIA

[MonOop 3amanuii BO BpeMsi TECTUPOBAHHS OCYIIECTBIISICTCSI C MTOMOIIBIO MTapaMeTpH-
YCCKHUX MATCMAaTHYCCKUX MO}IeJ’[efI, KOTOPBIC OMHUCBIBAIOTCA MapKOBCKUMH CHy‘IaﬁHBIMI/I
[poLeccaMyl ¢ TUCKPETHBIMH COCTOSIHHSMH U HEIIPEPhIBHBIM BpeMeHeM. [InHaMuKa u3Me-
HEHHS BEPOSITHOCTEH MTPEOBIBAHMUS B COCTOSTHHUSX ATUX MPOIIECCOB ONPEIEISETCS CHCTEMOH
ypaBuenuii Konmmoroposa [4]:

roe 0<¢<T, p(t) — BeposATHOCTH NpeOBIBAHUS B COCTOSHUSAX Iporiecca, A — MHOXKe-
CTBO MHTEHCHBHOCTEH IEPEeX0J0B MEXAY COCTOSHHAMH, M — MaTpulla HHTEHCUBHOCTEH
MIEPEXOI0B MEXIY COCTOSIHUSAMH. 3HAYEHHS YKa3aHHBIX MHTCHCHUBHOCTEH OIPENCIIAIOTCS
HaYaJIbHBIMH PacIpeIeIeHISIMU BEPOSATHOCTEH 1 HAOII01aeMbIMH YaCTOTaMHU PEObIBAHMS
B COCTOSHUAX F] {F, }’_:0)___’"71 B MOMEHTBI BPEMEHU {td } d-o...p-1» TA€ [ — HHIIEKCBI COCTOS-
HHMH MapKOBCKOTO Iporecca; D — KOIN4eCTBO MOMEHTOB BPEMEHH, B KOTOpbIe (PUKCHPOBa-
smch 9actothl F, ;5 0<{,<T;T — KOHEYHBIA MOMEHT BpeMeHH [5].

J1st onucaHus TOTo, KaK BEPOSTHOCTU HAXOXKJICHUS B 3aJJAHHBIX COCTOSHUAX U3MEHS-
I0TCS CO BPEMEHEM, IPHUMEHSIOTCS IPOLIECCHI, OPraHU30BAaHHBIC 110 CXEMe, KOTopas Hpel-
craBieHa Ha Puc. 1.

Xo.* X1+ coe Xie1 X * X » eee Xp1r X
- + - + - + L + - +
Wy Ho My My s M M see M-z Moz M Wy
ho Mt M Mot
Xo X o X1 Xk Xl oo X1 X,

Puc. 1. Cemb Mapxkosa, onucsleaiowas npoyecc mecmupo8aHusl ¢ HeNPepPblEHbIM 6PEMEHEM.: {xl i}
i=0,.. {xi*}i=0,...,n — COCMOSHUS MAPKOBCKO20 NPOYECCU, A= (A vecs Al o1y veves 1] s My e ) -
UHMEHCUBHOCTIU NEPEXO008 MEANCOY COCMOSTHUSMU

[epemenienus Mexmy coctossHUIMEU ceTH MapkoBa (Puc. 1) ompenernstorcst cinemyro-

IIAMH TIPaBUIIAMU:

1. Ecin yueHnK HaXOAUTCS B COCTOSIHUM X, YCIIENTHO BBITIONHUII 33IaHUE U YJIOKUIICSA TIO
BPEMEHH, TO OH MEPEXOIUT B COCTOSHHUE X, ;

2. Ecny yueHHK HAXOJIUTCS B COCTOSHUM X,, HE BBITIOJIHUII 33/IAHKE, HO YIIOXKHJIICS TI0 Bpe-
MEHH, TO OH OCTA€TCSA B COCTOSHHY X, ;
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3. Ecnu y4eHUK HaXOJUTCS B COCTOSIHUM X,, YCTIENTHO BBINOJIHUII 3a]IaHUE, HO HE yJIOKHUII-

Csl 110 BPEMEHM, TO OH TIEPEXOMUT B COCTOSIHUE X,

4. Ecny yueHHK HaXOIUTCS B COCTOSHHUM X, ,, PABMIILHO PEIIACT 3aJJaHNE U HE yKJIa/bIBa-
€TCs 110 BPEMEHH WJIM HETIPABUIIBHO PEIIAET 33JaHUE U YKIIA/(BIBACTCS 110 BPEMEHH, TO

OH OCTa€TCs B COCTOSHUH X, ,;

5. Ecny y4eHWe HaXOMUTCS B COCTOSIHHM X, ,, YCTIEUTHO BBITOJIHHII 3aTaHUE U YJIOKUIICS TIO

BPEMEHH, TO OH MEPEXOMUT B COCTOSHHE X,.

TpennpoBka HauMHAETCA C TONYUYCHHS 3aJaHus (BBIOMpaeTcs CIy4ailHO), KOTOpoe
COOTBETCTBYET MHHHMAJIBLHOMY YPOBHIO (cocTosHME X,). Jlanee 3anaHus NPeIbBIAIOTCS
B 3aBUCHMOCTH OT TOT'0, KaK CIpaBJsieTCsl ¢ HUMHU y4eHUK. Hanpumep, ecim oH ObicTpo
JlaeT HEMPAaBUJIbHBIE OTBETHI, TO CIOKHOCTh HE MOBBIMIAETCSA, U OH OCTAeTCA Ha MPEKHEM
YPOBHE; €CIM OH YKJIQABIBACTCS [0 BPEMEHHU M B OCHOBHOM J1a€T IPAaBUIIbHBIE OTBETHI, TO
CJIO’KHOCTB IIOCTENEHHO yBenuunBaeTcs. [1o 3aBepiieHnio y4eHUK OKa3bIBaeTCs B COCTOSI-
HUH, KOTOPOE COOTBETCTBYET €r0 YPOBHIO HaBbIKa. TpeHa) 3aBepIaeTcs Mo JOCTIKEHHIO
numuTa (00IIero BpeMEHH Ha BCIO TPEHUPOBKY ) MITH IIPU YCTICIITHOM BBITIOTHEHUH 3aJaHUS
3a OTBEICHHOE BPEMsI B KOHEYHOM COCTOSHUHU CETH Mapkosa x, .

OmeHKka BEpOSTHOCTH HAXOXKICHUS B OINPEAEICHHOM COCTOSHUM (IPUHAIICKHOCTH
K HEKOTOPOMY YPOBHIO TTOJITOTOBKH) IIPOU3BOJHUTCS € TOMOIIbI0 (hopmyner baiieca:
P(C)P(SIC)

P(S)=== ;
> P(CIP(SIC)

rae C, — coOblTHe, CBA3aHHOE C HAJIMYUEM Y TECTHPYEMOIO i-I'0 ypPOBHS MOATOTOBKH
(i=0,...,2), S — cobbITHE, CBA3aHHOE C HAXOXKICHUEM B 33J]aHHOM COCTOSTHUHM MOJICIIH B YKa-
3aHHBIII MOMEHT BPEMEHHU NIPH YKa3aHHOM YPOBHE TPYIHOCTH 3aJaHuUll, P(C |) — anpropHas
BEPOSITHOCTH MOSIBJICHHUS i-T0 YPOBHS IOATOTOBKY Y TecTupyemoro, P(S | C,) —BeposSTHOCTb
HAaXO0XK/I€HU B 33/IaHHOM COCTOSIHUM 3TAJIOHHOM MOZIEIM B YKa3aHHBIH MOMEHT BPEMEHH IIPU
HAJIMYKH i-TO yPOBHSI IIOArOTOBKH, P(S ) — BEPOSITHOCTH i-I'0 YPOBHSI TIOATOTOBKH IPH YCIIO-
BUH HaXOX/ICHUS B 3aJJAHHOM COCTOSIHMM MOJIENH B YKa3aHHBI MOMEHT BpeMeHH [5].

Bonee noapoGHO MaTeMaTHUECKasi MOAETH U IPUHIIUI PAOOTHI aAalITHBHOIO TPEHAXKE-
pa 1 alanTHBHOTO TECTHPOBAHUS MpeICTaBIeHHI B paboTax [1-7, 10, 12, 18—-19].

INPOI'PAMMHAS PEAJIM3ALIUA
AJAIITUBHOI'O TPEHAKEPA

[IporpammHas peanu3anus aJalTHBHOTO TPEHaXKEPa YCIOBHO JCITUTCS Ha JIBE YACTH:
uHTepQeiicHas (IToIb30BaTeIbCcKast) U cepBepHas. KOMMYHUKAIUS U CHHXPOHU3AIUS WH-
(dhopmarmy Mex Iy HUIMH pean30oBaHa ¢ ucroiib3oBanneM TexHonorun AJAX, JSON u API
MoJyJIs1, 00pabaThIBaroOLIero BXojsiye 3anpockl. CepBepHas yacTh HallMcaHa Ha SI3bIKE
nporpammupoBanusi PHP n oTBeuaeT 3a 00paboTKy JaHHBIX: ITOJyYEHUE 33/1aHHs, TPOBEP-
Ka TPaBHIIBHOCTH OTBETA, MOJICUET [TapaMEeTPOB MaTEMaTH4YECKON MOJIENIN (BEPOSITHOCTEH )
u 1.11. HTepdeiicHas yacTh peaim3oBaHa ¢ oMolibio Bed ppeiimBopka Laravel u react]S.
Taxxe kpome HHTEpQeiica OHa UMEET CBOIO 0a3y JaHHBIX, TJC XPAHITCS TaHHBIC IO CECCHU-
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sIM (BpeMsi HayaJla ¥ KOHIIa TECTUPOBAHHMSI, BPEMs Ha OTBET, MPABUIILHOCTH OTBETA) M TOJIb-
30BaTeIsAM (JIOTHH, ITOYTa, TAPOIIh, PONIb). Takum 00pa3oM, Iapo aganTUBHOTO TPEHAXKEPa,
BKJIIOYAIOIIee BCIO 00pabOTKy U HETIOCPEACTBEHHO caMy 0a3y JaHHbIX 3aaHUM, OTACJICHO
OT peanu3anun uHTepeiica, ¢ KOTOPHIM B3aUMO/ICHCTBYET MOIb30BATENb.

PesxuM paboThI ¢ TpeHAXKEPOM CIIELYIOIIUHA: 10Ib30BaTeNb PETUCTPUPYETCS B CUCTEME,
€My MPUCBANBACTCS IO YMOJYAHHUIO POJIb YICHUKA, OH aBTOPU3YETCS, MOCIIE YETO MOXKET
BBIOpATh pa3zeln uit TpeHUpoBKY. [lepen HauaioM TpeHaXka MO0JIb30BATENIb MOXKET O3HAKO-
MHUTBCSI CO CIIPAaBOYHOM WH(pOpMAaIHeH, BCTPOCHHOH B TPEHAXEP, U Y3HATh KAKIM 00pazoM
pelraTh 3aJaHus 10 BEIOpaHHOI Teme. Kaxkaplil pa3nen qeauTcs Ha HECKOJIBKO COIepikKa-
TEJTBHBIX YPOBHEH (110 4 B TeMe) 1 3 CI0KHOCTH.

Bo Bpems npoxoxkaeHus TpeHaxa nHTepdelic paszeneH Ha HeckonbKo 01okoB (Puc. 2):
TEKCT 33JjaHusl, BAPUAHTHI OTBETA, HCTOPHS MPOXOXKICHHUS (HOMEP BOIIPOCa, TPYAHOCTH OT
1 o 3, BepHBIN WIIM HEBEPHBIN OTBET), TaiiMep, HOMEp 3aJlaHusl C YKa3aHHEM CIIOKHOCTH.
ITonp30BaTenb HEMOCPEACTBEHHO B3aHMOCHCTBYET TOJIBKO ¢ OJIOKOM BBOJA OTBETA (BUA
KOTOPOT'0 3aBUCUT OT TUIa 3afaHus). [1o 3aBepiueHuro pemenus 3aJa4u Ha cepBep ¢ HOMO-
rpio AJAX 3ampoca OTIpaBIISIOTCS TaHHBIH YISHIKOM OTBET BMECTE C HACHTH(PUKATOPOM
BOIIPOCa M BPEMEHEM, 3aTpaueHHbIM Ha peleHue. Ha cTopoHe cepBepa MPOUCXOAUT mep-
BHYHAs 00pabOTKa OTBeTa (yAAISFOTCS TIPOOEITBI M CIIEIICHMBOIIBI U T.11.), U B 3aBHCHMOCTH
OT TUIa 33/1aHus (TOYHAsl CBEpKa, IpOOH 1 BHIUMCIICHUS, TPUTOHOMETPHSI, HHTEPBAJIbI, BbI-
00p 13 BapHaHTOB U TIp.) MPOBEPSIETCS €TO MPABHIBLHOCTH ¢ moiydeHHbIM 3 B/] “Trainer”
KOHTPOJILHBIM BapuaHToM. /lajiee aHaIn3upyeTcst UCTOPHSI MPOXOXKJICHUSI TECTHPOBAHUS B
COOTBETCTBHH C NPABUIIAMH U MOJAENbBIO, KOTOPBIE PACCMATPUBAIIICE BhIIE. B pe3ynbrare
B KaueCTBE OTBETA CEPBEP OTIPABIAET KIMEHTY TU00 HOMEp CIEAYIOLIEro 3aJaHusl, 1o
OTMETKY O 3aBEPIICHUH TECTHPOBAHMS.

0:09

TpeHaxep no matemaTvke

N°1 Kakow 3HaK MeeT npou3BeacHUe KOPHEeN ypaBHEHNS:
X +3x—-4=0?

YpoBeHb 1

O otpuuarensHsiit

(O nonoxuTensHbiit

n nPOMNYCTUTL

Puc. 2. Humepgheiic aoanmusrnoco mpenadxcepa
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[To oxOHUaHMIO TECTUPOBaHMS IOJB30BaTENO OyAeT ortodpakeno (Puc. 3): mpoueHt
MIPaBUIILHBIX OTBETOB, BPEMsI TPEHHUPOBKHU, CPABHEHHE C MPOIILION TPEHUPOBKOH (€CITH Ta-
Kast Obuta). Takke OH MOXKET O3HAKOMUTBCS C PE3yJIbTaTaMU BCEX OCTAJBHBIX CBOMX Tpe-

HHUPOBOK.

TpeHa)Kep no matremaTuke

1 0 13 8, (0%)
2. 0 13 0, (0%)
3. 0 13 0, (0%)
o6LWwuin %

NpPaBUbHbIX
OTBETOB
0%

BABEPLWUTb

TecTupoBaHye 3aBeplUeHO

0 13 8, (0%)
0 un3 0, (0%)

0 13 0, (0%)

Bpemst
TPEHUPOBKY

16cC.

Puc. 3. Hnmepghetic aoanmusnozo mpenasicepa

B nHoOpMannoHHOl cucTeMe TpeHakepa OIpe/ieieHo 3 poiH: yueHHK (student), mpe-
nonxasatens (teacher), agmuauctpatop (admin).
[IpenogaBaTens MOXET OOBEIMHATh YYEHHKOB B TPYIIIBI, TPOCMATPUBATh 3aJIaHUS U
CTaTUCTHUKY MpOX0oxaeHus TectupoBanus (Puc. 4, 5). AIMUHHCTpaTOp BBIIOIHAET BCIIO-
MorarespHyIo poib (Puc. 6): cOpoc nmaposne, penakTupoBanue TMYHON nHPopMannu (J10-
THH, [104Ta, UM), ©3MEHEHUE POJIU IT0JIH30BATEIS.

MOCKOBCKHI FOCYAPCTBEHHbI
NICUXONIOFO-NERATOTMHECKI YHUBEPCTET

[OBABMTb FPYMINY

"

o o Torun Email

o s Anshi necrofallen@gmail.com

3ananna

Fpynna [ara perucTpaun
2020-04-14 13:50:29

second group

Rowsperpage: 10 ~  1-1of1

Crynewtsi  pominovda ~

Ipynnbl

first group

Q second group

rpynna

OTMEHA NPUHATH

Puc. 4. Jluunouii kabunem npenooasamens
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MOCKOBCKMI FOCYAAPCTBEHHbIA
NCUXONOTO-MEAATOMHECKMI1 YHUBEPCUTET 3apaHus  CTymeHTsl  pominovda v

Pasaon Towa Crowwo
PREV NEXT CHECK -
Wh... - opmyna KopHeit KBAAPATHOO ypas... ~ 2 =

ID:15 Craryc : MposepeHo
pos:1 Section : e "
a3 Theme : KeagpaTHoe ypaBHeHue. QopMyna KopHeii KBaapaTHOro ypaBHeHus (YpoBeHsb - 3)

PewnTs ypasrerne x> +4x — 5 = 0.

51
[OR K]
O 1.5
O 5,1
O 3,2
Puc. 5. Jluunwiil kabuneme npenooasamens
Q
Monsaosarens ID 2 | pominovda
D D TNorun E-mail Pone [Lara pernctpaumm [Rara peructpauvn 2019-05-06 07:47:26
Logi name
O 1 admin necrofallen@hotmail.com admin 2019-04-24 09:14:05 pominovda
Email Addross
o 2 pominovda pominovda@mgppu.ru teacher 2019-05-06 07:47:26 pominovda@mgppu.ru
Pomm
Mpenoaasatens ~
[ Anshi necrofallen@gmail.com student 2020-04-14 13:50:29 _—

OTMEHA  MPUHATL

Rows per page: 10 ¥ 1-30f3
Puc. 6. Jluunvlii kabunem aomunucmpamopa

WudopmanmonHast cucTeMa aJIallTUBHOTO TPeHa)XXepa IPE/IoyiaraeT OTCICKHUBAHUC
CTaTHCTHUYECKUX AAHHBIX 1O TpeHupoBKaM (Puc. 7, Tabn. Ne 1), Hampumep:
1. obuiee KOI-BO TPEHUPOBOK IO KaXKIOMY HOJIB30BATEIIIO,
2. KOJ-BO TPEHHPOBOK IMOJIB30BATENS II0 TEME,
3. pacnpenesieHHE 10 MPOHICHHBIM TEMaM M COACPIKATEIbHBIM YPOBHSIM.

CTaTnCTUKa TPEHNPOBOK
Kon-Bo % NPaBUJTbHBIX Bpems (
# Pazpgen BOMpPOCOB OTBETOB MUH ) Hata
1 TekcToBble 3aaa4n 12 7(5833%) 192 2019-06-13
14:23:23
2 KsagpaTHble ypaBHeHus 1 2 0(0%) 018 2019-06-18
HepaBeHCTBa 00:00:00
3 KeagpaTHble ypaBHeHuUs 1 1 0(0%) [} 2019-06-18
HepaBeHCTBa 00:00:00
4 KBappaTHble ypaBHEHUS U 16 2(125%) 237125 2019-06-18
HepaBeHCTBa 09:04:00
5 TekcToBble 3ajaun 6 0(0%) 0.97 2019-06-18
09:07:14

Puc. 7. Cmamucmuxa no mpenuposram.
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[Tomumnob I1.A.

)Y

Mopesb mpoliecca afanTMBHOIO 00yUYeHVIs M ero IIpOorpaMMHast peasIn3aliyst
Moupenuposanue 1 aHayn3 gaHHbIX. 2020. Tom 10. Ne 3.

Tabnuua 1
CTaTHCTHKA 110 TPEHUPOBKAM
Ci10:KHOCTD 1 2 3
Kous-Bo Bonpocos 2 9 0
% NMpaBWILHBIX 0TBETOB 50 % 11 % 0%
Cpennee BpeMsi Ha OTBeT, C. 149 662 0
[ponyck oTBeTa 1 6 0
OO0mee BpeMsi TpeHaka 895 ¢ (14 muH 55 cek)

basza mannbix nenutcs Ha nBe yactu: bJI Laravel Puc. 8 (BcmomorareabHbIe CHCTEMHBIS
TaOJIUIIBI, CECCHH, JaHHBIC I0JIb30BATEIICH, TaHHBIC TPCHUPOBOK, OOpaTHas CBS3b, POJIH,

rpymsl), B/l Trainer Puc. 9 (3aganwus, pa3mensl, conepKaTeIbHbIC YPOBHHU, KO PUITHCH-
TBI, BAPUAHTHI IPOBEPKH).

vt trainer users
2 id : int(10) unsigned
2 name : varchar(255)
@ email : varchar(255)
(2 password : varchar(255)

@ remember_token : varchar(100)

@ created_at : timestamp
& updated_at : timestamp

] © trainer study_groups
2 id : int(11)
(2 group : varchar(45)

1 © trainer session_data
2 id : int(11)

# session : int(11)

# question : int(11)

@ start : datetime

@ end : datetime

# timer : int(11)

@ answer : varchar(150)
# correct : int(11)

# trap : tinyint(4)

# difficulty : int(11)

] & trainer task_check
@ id :int(11)

# task :int(11)

# status : int(11)
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vt irainer roles

¢ id : bigint(20) unsigned

- name : varchar(255)

@ guard_name : varchar(255)
[ created_at : timestamp

@ updated_at : timestamp

] ©» trainer role_has_permissions
2 permission_id : bigint(20) unsigned ¥

] © trainer feedback
2 id : int(11)

# user : int(11)

@ message : text

2 data : text

{1 ©  trainer permissions
1 2 id : bigint(20) unsigned
2 name : varchar(255)
@ guard_name : varchar(255)

2 role_id : bigint(20) unsigned > @ created_at : timestamp
@ updated_at : timestamp
1&  trainer sessions
2id: int(11) ] & trainer model_has_permissions
i USer : Int(11) { & permission_id : bigint(20) unsigned
# section : int(11) . : 2 model_type : varchar(255)
o} :!mes:amp_sta;t - (;:ia:teftlme # model_id : bigint(20) unsigned
@ timestamp_end : datetime
] & trainer model_has_roles
] & trainer password_resets 2 role_id : bigint(20) unsigned
 email : varchar(255) @ model_type : varchar(255)
T - varchar(255) 2 model_id : bigint(20) unsigned
created_at : timestam,
L = B v trainer UsersFull

] © trainer students_groups
# studentID : int(11)
# grouplD : int(11)

{1 trainer migrations
2 id : int(10) unsigned

(2 migration : varchar(255)
# batch : int(11)

# id : int(10) unsigned

(2 name : varchar(255)

@ email : varchar(255)

2 password : varchar(255)

@ remember_token : varchar(100)
[ created_at : timestamp

[ updated_at : timestamp

(@ role : varchar(255)

@ groupname : varchar(45)

Puc. 8. Cmpyxmypa B/ Laravel
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fio ansnier_testschool

1 id_school : int(12) ||

@ name_school - varchar(200)
@ region : varchar(100)

1 id_verify - int(11)
@ name_verify : varchar(500)
@ verify_comment - varchar(1000)

& anshilef_test verify2

[0 anshiet testitema.
1 id_item : int(11)

w old_id :int(11)

@ Name_item : varchar(300)
1 text_tem : varchar(1000)
@ ans_var - text

@ answer : varchar(300)

« fype - int(1)

w difficulty - int(2)

4 id_theme - int(12)
 time_decision - int(10)

@ control_result : varchar(250)
o variables : text

w id_user : int(12)

@ create_by : varchar(100)
m date_edit - timestamp

| | wlevel: int(2)
|
|

U\

4 id_pupil_session : int(12)
w id_pupil - int(12)

m date_create - timestamp
 fime_testing : ini(10)

4 finish  ini(4)

 id_razdel : int(12)

£ anshile”_test pupil_session

e anshief test settings
q id_settings : int(12)
@ name_settings : varchar(200)
4 value_settings  int(200)

» id_user - int(12)

m settings_update : fimestamp

& anshilef festtheme.
¢ id_theme  int(12)

o id_razdel : int(12)

@ name_theme : varchar(300)

m comment - fext

& anshilei_test pupil

| | ® id_pupil - int(12)

\‘ @ fio_pupil - varchar(200)
4 id_school : inf(12)

@ pass : varchar(200)

@ password : varchar(200)

@ email - varchar(100)

m date_create - timestamp

#id_user int(12)

# Class :int(2)

& anshilef_test razdel ,J
M id_razdel : inf(12)
/' | @ name_razdel : varchar(200)
p Ln fime : int(10)

[o  anshisiiestveny

1 id_verify - int(11)

@ name_verify : varchar(500)

@ verify_comment : varchar(1000)

1 id_session_protocol : int(12)
# id_pupil_session : int(12)
# fime_answer - int(10)

# id_item - int(12)

4 flag : inf(1)

a trap 2 int(2)

a resuft: int(2)

(O answer : varchar(1000)
m fime_create - timestamp
@ probability - varchar(100)
# siage :ini(3)

Qo anshiel s example

1 id_example - int(12)

# id_razdel - inf(12)

# example : int(3)

@ text : varchar(1000)

@ cormanswer : varchar(500)
# type 1 ini(12)

i@ control_result - varchar(100)

@ vaniables : varchar(100)

£ anshile? fest theme_pupil
1 id_theme_pupil : int(12)

# id_theme - int(12)

« id_pupil - int{12)

@ active - int{1)

ﬂa anshilef test session_protocol

o fime_first_stage : varchar{500)

[ o anshiel testuser
q id_user : int(11)

1 fio : varchar(400)

9 email - varchar(100)

1 password - varchar(200)

1% anshilef. testitem?
@ id_item - int(11)

o old_id Zint(11)

@ name_item : varchar(300)
@ text_item : varchar(1000)
@ ans_var :text

@ answer - varchar(500)

u type “ini(1)

u difficulty : int(2)

» id_theme : int(12)
 time_decision : int(10)

@ control_result - varchar(250)
o variables - text

# id_user :int(12)

@ create_by : varchar(100)

p date_edit : imestamp

1.0 anshilet.test math,
9 id_math : int(12)

o fio : varchar(200)

@ email : varchar(200)

0 password : varchar(5

9 id_item - int(11)

o name_item : varchar(300)
o text_item : varchar(1000)
@ answer : varchar(500)
 difficulty - int(2)

4 g id_theme :int(12)

» fime_decision : int(10)

1 argument_1 : varchar(250)
@ result_1 - varchar(250)

@ argument_2 : varchar(250)
@ result_2 : varchar(250)

@ argument_3 : varchar(250)
@ result_3 : varchar(250)

@ argument_4 : varchar(250)
@ result_4 - varchar(250)

@ argument_5 - varchar(250)
@ result_5 : varchar(250)

» type :int(1)

u id_user :int(12)

o create_by - varchar(100)

m date_edit - timestamp

Bdo  anshief testitem

E £ anshlel_lest oauth_refresh_tokens
g £ anshilef_test oaum,access,lnkenﬂ

[ & arsile” ies' oauth_personal_access_clients

[d & anshilef test oauth_auth_codes|

[ © anshilef. test.c2a2)
@ id -int(11)
 fotz : float
« ioto : fioat
4 istz : float
4 isto - float
w ftiz: float
« itto - float
w ifiz: loat
« ifto: float
u q: float

00)

Puc. 9. Cmpyxmypa BJ[ Trainer

B & anshilef_test claz

ﬁ £ anshilef_test c3al
ﬁ £ anshilef_test c3a1|
ﬂ © anshilel_test c1al

[ﬁ & ansnilel_ies! oauth_clients.
Eo anshile®_test migrations|

ABTOpHU3aIMs B CHCTEME aJaTHBHOTO TPEHAXKEPA MPOUCXOJHUT C HUCIONIb30BaHuEM b/l
“Laravel”, rae XxpaHsTcst JaHHBIE 110JIb30BaTeNeH U aposy B 3amrdpoBanHoM Bue. Jlan-
HBIE T10 JIOCTYIHBIM pa3/ieNiaM 3arpy’KaroTcs ¢ IOMOIIbI0 Ajax 3ampoca U OTBETa OT Cep-
Bepa B popmare JSON, kotopsiii coorBercTByeT B/l “Trainer”. OCHOBHBIMH CYIIIHOCTSIMHU
ee sBIsIOTCA: razdel (crmcok pasmenoB), theme (comeprkaTtenapHBIE YPOBHU H CIIPaBOYHAS
nH(OpPMAaIKS MO KaXJIOMY U3 HUX), item (JaHHbIE 110 331aHUSIM: TEKCT 3aaHusl, TUII, OTBET,
CIOXHOCTB), clal — c3a3 (MaTpuiel KO3PPHUINEHTOB), CIPABOYHUK THITOB 3aIaHHH.

[Tocne BbIOOpa paszzena W Hayajla TECTHPOBAHMS, CHCTEMa PETHCTPUPYET HOBYIO
ceccuto B bJI Laravel. Kaxmoii ceccun (Tabmimia sessions) COOTBETCTBYIOT CIIEAYIOIIHE
JlaHHBIC: MJICHTU(QUKATOP, pa3Jiell, JaTa/BpeMsi Havajla M 3aBeplueHus. JlaHHbIe 1o mpo-
XO0XJIEHUIO TPEHUPOBKH 3aIMCHIBAIOTCS B Tabnmiy session_data: mneHTHdUKaTOp ceccuw,
uAeHTH(UKATOp 331aHKs, BpeMs Hadyajla M 3aBEPLICHUs], BpEMsl OTBETA B CEKYH/aX, TEKCT
OTBETa, KOPPEKTHOCTh (BEPHO WJIM HEBEPHO), HAXOXK/ICHNE B COCTOSHUM JIOBYIIKH, CIIOXK-
HOCTb 3aJaHusl. [10 OKOHYaHHMIO TECTUPOBAHUS MM 10 JJOCTHIKEHHIO BPEMEHHOT'O JIMMHUTA
B TaOJIUIIE S€SSIONS CTABUTCSI OTMETKA O 3aBEPILICHUM.

Just ynipaBiieHus TpaBaMH JJOCTYTIA K pa3JInuHbIM HHTep(ericaM CHCTEMBbI HCTIOb3YIOT-
cs Mmoxynb st Laravel — Spatie u coorBercTBytomue cymrHocT B B/1: roles, permissions,
model has permissions u ap. OH 103BOJIsIET THOKO HACTpaWBaTh POJM W TIpaBa JUIs Ka-
IO MOJIENH TTOBEJECHUS MTOIb30BaTENsI MH()OPMAMOHHOI CHCTEMBI.
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INPUMEP PABOTBI AJAIITUBHOI'O TPEHAKEPA

B kauecTBe neMOHCTpanuy pabOTHI aIaNITHBHOTO TPEHAXEpa PACCMOTPUM HECKOIJIBKO
CIIeHapHeB HCIIOJIb30BaHMUs, KOTOPBIE YCIOBHO OyAyT COOTBETCTBOBATH Pa3HbIM YPOBHIM
IIOATOTOBKM YUYEHUKOB: HU3KUH, CPEIHUM, BBICOKMI. Taxke paccCMOTPUM COCTOSIHUE <WIO-
BYIIKH», KOTJ]a YYEHHUK HE YJIOKUICA B ONPEACICHHBI UHTEPBAIl BDEMEHH, OTBEIECHHBII
Ha penienue 3anaqn. CpaBHEHHE TPEHUPOBOK MpeCTaBiIeHo B Taom. 2.

Tabnwuia 2
CpaBHeHNe TPEHUPOBOK

No KoJu1-Bo 3aaHuii 10 TPYTHOCTSIM, BEPHO/HEBEPHO Cocrosinue

h 1 2 3 «JIOBYIIKH»
1 0wu3 8 0 0 HET
2 2u32 3uz3 4u34 HET
3 Suzs 3uz3 4uz4 B 1 Bompoce
4 2 u3 2 3uz3 4 u3 8 HET

B niepBom cityyae naBajmch «ObICTpbIey (YKJIAIBIBAIOTCS B 33/IaHHBIN TPOMEXYTOK Bpe-
MEHHU B 3aBUCHUMOCTH OT CJIOKHOCTHU BOIPOCa) HeMpaBUiIbHbIE OTBETHI. [Ipu TakoM crieHapun
YUEHHK OCTAeTCS Ha IEPBOM YPOBHE CJIOKHOCTH, €My MPEIbABIIAIOTCS EPBbIC § 3a1aHIN 13
HavyaJbHOTO COJEPKATEIHHOTO YPOBHS, IIOCIIE Yero TPEHNPOBKA 3aBEPIIACTCS OE3 MOBBIIIIE-
HUS TpyAHOCTH. Bo BTOpOM cityuae, ydeHUK Jai 5 IpaBUIIbHBIX OTBETOB HOAPS Ha IEPBOM
1 BTOPOM YPOBHE, yJIOKUBILHCH B 33/IaHHBIN TPOMEKYTOK BpeMeHH. B pe3yibrare TpeHaxep
JABAXKABI MOBBICUIT TPYTHOCTDH 3a11aHm71 J0 TPETHETO CaMOro BBICOKOI'O YpPOBHA. B TPETHEM,
TaK¥XC NaBaJIMCh TOJILKO MPaBUJIbHBIC OTBETHI, HO B IIEPBBIM BOIIPOCEC YYCHUK BLIIIEI 3a OT-
BEJ/ICHHBII MHTEPBAJI Ha pelieHre (5 MUHYT) U TIOTIaJl B COCTOSIHHE «JIOBYIIKWY». B pe3ynbrare
KOJIMYECTBO 3a/IaHUH HA IEPBOM YPOBHE TTOBBICHIIOCH. B 1ociesHeM crieHapuu 3aTpyAHEHUS
BO3HHKJIM TOJIEKO Ha TPEThel TPy IHOCTH. ITOroBOe KOJTMYECTBO 3aJaHne yKkazaHo B Taom. 3.

Ta6nuna 3
HTorosoe KoJM4eCTBO 32/IaHUI 110 PA3JIUYHBIM CLIEHAPUAM
Ne | Kos1-Bo npexbsiBjIeHHbIX 3a1aHUI
1 8
2 9
3 12
4 13

Bo Bcex city4asx KOJMYECTBO 33JaHUI HAMIPSMYIO 3aBUCHT OT YPOBHSI [IOJI'OTOBKH yue-
Huka. Taxke BaKHO 3aMETUTh, YTO JIJIsl OTHO3HAYHOI'O ONPEICIICHUS K HEKOTOPOMY KJlaccy
(BmazeHnst HABBIKOM) CHCTEMe He TpeOyeTcst OOBIIoe KOTHMYSCTBO 3a1aHIH.

3AK/IIOYEHUE

Co3naHa WHPOpPMALIMOHHAS CHCTEMa «ANANTHBHBIN TPEHAXep I MOATOTOBKH abH-
TYPUEHTOB K DK3aMEHaM IO MAaTeMaTUKe» M HOBBIM MOJXOJ] K TECTUPOBAHUIO Ha OCHOBE
MapKOBCKHX ITPOIECCOB C TUCKPETHBIMI COCTOSTHUSMH M HETIPEPHIBHBIM BPEMECHEM.
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ﬂaHHLIfI oAX0/ MO3BOJISICT COKPATUTL BPEMA TPCHAXKa 3a CUCT YMCHBIIICHUA KOJINYC-

CTBa 3a/IaHNH 1 yBETUIUTH 3()(HEKTUBHOCTH MPUMEHEHNS TPAKTHUECKIX HABBIKOB B pEIIle-
HUHU MaTeMaTU4eCKUX 3a]lad yYeHUKaMHU IIKOJI IPU MOATOTOBKE K 3K3aMEHaM.
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MOB M KOMIIBIOTEpPHBIX Urp 10 GPS-HaBuraropoB m mpoekrupoBanusi TeXHUKH. OHAKO
PEATMCTHYHOCTh B BOMPOCAX KOMIBIOTEPHOH rpaduKu Mo-NpeKHEMY OCTaeTCs KaMHEM
MIPETKHOBEHMS, a JII000E HEEeCTECTBEHHOE JBIKCHHE MEepcoHaXka B (MIIbME WM HETOY-
HOCTb B MEXaHU3ME BBI3bIBAET IIIKBAJI KDUTHUKH B a/IpEC CO3AaTelel 1 aHUMaTOPOB.

BompocaM ucciieioBaHusi METOJIOB MOJICITUPOBAHKS TIOCBSIIIEHO MHOTO pabor [1, 2,
3, 4], HO, KaK MOXXHO BUJETH B ITOBCETHEBHOH KU3HU, IPoOIEeMa peaTuCcTUIHON rpadukn
0CTaeTCsl He TPOCTO KMBOH M aKTyaJIbHOM — OHa SIBJISICTCSI OZHOW M3 CAMBIX OCTPBIX 3a/1a4
13 KOT/1a-7T00 TTOCTABJICHHBIX MEPeJi TPOrpaMMHUCTaAMH.

Peamuctrnunocts KOMIBIOTEPHBIX TPEXMEPHBIX M021enef/'1 U UX aHUMaluAa B ITIOCJICIHEC
BpEMsI BBIIILIA HA HOBBIH yPOBEHb, 0OCOOEHHO B TEX CITydasiX, KOT1a MO/ICINPOBAHUE KaCACTCS
00beKTOB knBOH Mpupoabl. Ho 31eck Bo3HUKAET mpobiieMa peann3anuy TakuX MoJesen —
Ha M0JI00HYI0 paboTy yXOJIHUT OYeHb MHOTO BPEMEHH M JIONIOJHUTEIBHBIX 3aTPaT, a TAKKE
TpeOyeT TIy00KHUX 3HaHUI aHATOMHUH MOJICIUPYEMBIX 00BEKTOB. C TeMH ke TPYAHOCTIMHU
CTAJIKHMBAIOTCS CIIEIHAINCTHI, 3aHIMAIOIINECS MOJICITMPOBAHIEM TEXHUUECKUX OOBEKTOB.

Pabota nocBsiieHa CpaBHEHHIO YK€ CYIIECTBYIOMINX METOJIOB MOJICITUPOBAHUS TPEX-
MEpHBIX 00BEKTOB, MX d(PPEKTUBHOCTH M PEaTMCTHYHOCTH pe3ylbTara. Llenpo uccneno-
BaHHUS SABJIAETCS Pa3pabOTKa HOBOTO METO/a MOAEIUPOBAHMUS, TTO3BOJISIONIEIO COKPATHTD
BpEMs IPOSKTHPOBAHUS 1 YMEHBIIUTE CIIOKHOCTh CO3aHHsI MOJIEIIH, COXPAHUB TP 3TOM
PEATMCTHYHOCTD PEe3yJIbTaTa.

CPABHEHUE METOJ0B KOMIIBIOTEPHOI'O
MOJIEJINPOBAHUA U AHUMALIUN

Ha naHHBI MOMEHT cpean HamOoJee UCIONB3yEeMbIX METOIOB KOMITBIOTEPHOTO MO-
JISTTMPOBAHMSI MO’KHO BBIICINTH YeThIpe. PeacTHYHOCTD pe3ysIbTaToB KaXK10r0 METOAa
BapbUPYETCs, KaK U BpeMs IIPOEKTUPOBAHMS MOJENIU. PaccMOTpUM KaKIblii U3 METOAOB
9yTh TOAPOOHEE.

TexHoorns OJICHIIIEHITOB IpeANoNaracT padoTy ¢ YeITOBEYECKUMU MOJICIISIMU H HallpaB-
JIeHa Ha pealMCTHYHOE BOCIIpOW3BeeHHe uyepT juia. Co3maeTcss HECKOIBKO KPaHHUX TOUEeK
U B HUX (DUKCHUPYETCSI TO WJIM MHOE BhIPKEHHE JIMIA, HATIPUMED, YIIBIOKA WU y/IUBIICHHUE.

CxenetHasi aHEManus IO3BOJIET CO3MaTh MOAENb 00beKTa ¢ HyJs. [IpoekTupyercs
Kapkac 00bEKTa — CKEJIET — B BHJIE IPEBOOOPa3HON CTPYKTYphI KocTel. Kaxnast KocTh cBsi-
3aHa C NMpeJbIIYyIIeH, a Kayk/1ash BEpIIHHA — ¢ KaKOH-1100 KocTbio. [Ipn IBMKEHUN OT/IeNb-
HOW KOCTHU JIBUTAIOTCSl BCE BEPIIMHBI, YTO CO3JAET JOBOJBHO PEATUCTUYHYIO aHUMAIHIO.
ViMeHHO 5TOT c1oco0 yamie Ipyrux IPUMEHAETCSl B My IbTHILTHKALIH.

TexHoJOrHUs 3axBaTa ABW)KCHUH aKTUBHO HCIOJIB3YeTCsl B KMHeMaTorpade u mpemyc-
MaTpHBaeT pPa3MENIeHUH CIIeIHaIbHBIX JaTYNKOB Ha KOCTIOME YEJIOBEeKa, KOTOPBIN 3aTeM
HMUTHPYET IBUKCHUE TOTO WM HHOT'O 00BEKTa, a JaTYMKH (PUKCUPYIOT €ro MOJI0KCHHUE.

CucTema MBI, TOXalTyl, Hanbosee Y3 PEeKTUBHBIN 1 HanO0JIee CIOKHBIN METOT KOM-
MBIOTEPHOTO MOJICTIMPOBaHHMs. B mpoliecce MPOeKTUPOBAHMUS K CKEJIETY MOJICIIH B COOTBET-
CTBHU C aHATOMUYECKUMH OCOOEHHOCTSIMH HPUKPEIUISIOTCS TAaK Ha3bIBa€MbIE MBIIIIIBI, KO-
TOPbIE UMUTHPYIOT PEATBbHYIO MBIILIEYHYIO MacCy, OCJIE YeT0 UM 3a/1aeTCs THMHAMHYECKOEe
NoBeJIeHue. B utore monyvaercst pealiCTHYHAs KapTHHKA.
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B xone nccnenoBanus ObIIO ceIaHOo OAPOOHOE CPaBHEHHE NTEPEUNCIICHHBIX METOJIOB
KOMITBIOTEPHOTO MOJIETTUPOBAHUS, TPOBEJEH aHAIN3 KaKJI0r0 METOJIa C YYETOM 3aTpayu-
BaeMOT0 BPEMEHHU MPOCKTUPOBAHUS, CIOKHOCTH MOJICNHN, CTCTICHH PEATUCTUIHOCTH U J0-
TIOJTHUTENBHBIX 3aTpaT. Hwke npencrariena tabnuma 1 ¢ pe3ynbraraMu CpaBHEHHUS.

Tab6nuna 1
CpaBHMTe/ILHBIH AaHAJHM3 METOI0B KOMIILIOTEPHOT0 MO/1eJIHPOBAHMS
. CkesieTHasi 3axBar
Baenpmeinn . CucreMa MbIIIIT
aHuMAaus JBHIKEHU I
Bpemennble
cpenHe JIOJITO cpenHe JI0JITO
3aTpaThbl
Cl10:)KHOCTH
cpenHe CIIO’KHO JIETKO CJIOKHO

TPOEKTHPOBAHUS
C10:KHOCTD
MPH CO3AAHUHT CII0XKHO CII0XKHO JIETKO cpenHe
PeaJIMCTHYHOCTH
Bo3mokHOCTH
BHECEHHSs HET na HET na
H3MeHeHu it
JlonoJiIHUTEIbHBbIE

HET HET na HET
3aTparhbl
JlonosiHUTEIbHBIE

HET HET na na
3HAHUS

B pesynbraTte cpaBHEHHS OBIIO BBIBICHO, 9TO Hanbosee 3(h(heKTHBHBIM U3 TIEPEUHCIICH-
HBIX METOJ0B CTaJIa CUCTEMA MBIIIILL — HO OHA K€ ABJIACTCA JOBOJIbHO CIIO’KHOM TEXHOJIOTHEH
W 3aHAMAeT MHOTO BPEMEHH. TakKe CTOMT OTMETHTb, YTO HE KaXK/bI CHEHAINCT CMOXKET
eif BOCIIONIb30BaThCs O€3 NPEABAPUTEILHON MOATOTOBKH M JOJDKHBIX 3HAHUII B AaHATOMHHU.

X0 UCCIIEAOBAHMUAA

[Moce cpaBHUTEIBLHOTO aHAJIN3A yKE CYHIECTBYIOIIMX METOIOB KOMITBIOTEPHOTO MO/Ie-
JIUPOBAHUS BO3HUK BOIIPOC Pa3pabOTKK TAKOTO METOa, KOTOPBIN OYET MCHEE CIIOKEH B HC-
TOJIb30BAHUH, 3aIMET MCHBIIIC BPEMCHHU Ha MPOCKTUPOBAHKUE MOJICITH, HO B PE3yJIbTAaTE AaCT
TaKy¥0 e PCATUCTHIHYIO MOJIeNTb. BbITH Oosiee mopoOHO M3YUICHBI CKENICTHAS aHUMAIUS U
CHCTEeMa MBIIIIL, ¥ B Pe3yJIbTATe PEIICHUE 0Ka3aJI0Ch OUYEHb IPOCTHIM — KOMOMHHUPOBAHHBIN
METOI, BKJIIOUAIOIIUI B c€0s1 0COOEHHOCTH CKEJICTHOM aHUMAIlUN U CUCTEMBI MBIIIILI,

Eciu paccmarpuBath CTaHAAPTHBIC METOBI UCIOIB30BAHUS CHCTEMBI MBIIII, MOKHO
3aMETHUTh, YTO OIPOMHAS JIOJISI BPEMEHH YXOJUT Ha CO3/IaHUC MOJIHOTO MOJUTOHATHHOTO
CKelleTa 00beKTa U MPUKPEIICHHE MBI K HeMy. OTHAKO MOYKHO OTKa3aThCsl OT ITOJIUTO-
HAJIBHOI'O CKEJIETAa U erHI/ITB MBIHIIIBI HeHOCpe}ICTBeHHO K CKeJ’IeTHOﬁ CUCTEMEC ynpaBne-
HUSI — HEOOJIBIIIOMY CKEJIETHOMY KapKacy, OTBCYAOIIEMY 3a OOJIBIIYIO YaCTh JBHUKCHUI
00BEKTa, — 2 TAKIKE COKPATUTH KOJIMYECTBO MBIMIII O MHHIMYMa, OCTaBHB TOJIEKO T€, YTO
Oy/IyT 4eTue BCETro BHIPAIKECHBI IPU aHMMAI[HH.
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Taxkum 06pa30M, BECH AJITOPUTM MPOCKTUPOBAHUA MOJCIIN T10 KOMGI/IHI/IpOBaHHOMy MC-

TOJTy CBOJIUTCS K CIICTYFOITNM IITaram:

Co3nanue NEpBOHAYAIILHOI'O 3CKU3a MOECIN. HOI[pO6H0€ OIMMCaHue MOJICIIN B pa3iny-

[IpoekTrpoBaHue MO ICKU3Y TPEXMEPHOI MOJEIN 0e3 CKEJICTHOW CHCTEMBI YIIPABJICHUS,
MBILUI ¥ TEKCTYp. HanoxxeHne noauroHanbHOM CETKH 115 TaJIbHENIIEH aHUMAalii MOJEIIH.
Co3naHue CKeNeTHOH cucTeMbl yrpasicHus. OCHOBHOHN Kapkac MoJenu 0e3 moapoo-
HBIX aHATOMHYECKUX JeTaJel, OTBEUAIOMMK 3a ee JABIKCeHHA. CKElIeTHYI0 CHUCTEMY
YIPABJICHUS JIYUIIe BCErO CO3/[aBaTh, €CIIM MOJICIIb — OCOOCHHO B CiIy4yae 00BhCKTa KU-

PacnpeneneHue BecoB B3aMMOJCHCTBHSA MOIYUYEHHOIO CKEJIETa C KOXKHBIM ITOKPOBOM.
YKa3bpIBaeTCsl CTENEHb BO3/ACHCTBUS KOCTEH HA Ty WINM WHYIO BEPHIMHY MOJEIH IS

1.
HOM paKypce, n3ydeHne o0Ieii aHaTOMUH MOJICTIH.
2.
3.
BOM IPUPOJIbI — HAXOAUTCS B HEUTPaIbHON CIIOKOMHOM 103€.
4.
MaKCHUMAaJIbHO PEATMCTHYHOTO Pe3ynbTaTa.
5. llpukpensuenue SpKo BbIPAXKEHHBIX MBIIIL K CKEJIETHOW CUCTEME YIIPABIICHUSI.
6. PacmpeneneHue BeCOB B3aUMOJCHCTBHUS MBIIII] C KOXKHBIM TOKPOBOM.
7. Hanoxenune Tekctypsl. Co3maHue KOXKHOTO ITOKPOBA MOJICIH.

Takoii nmoAxoJ CymeCTBECHHO COKpallacT BpEeMA MOJACIIMPOBAHNSA U YMCHBIIACT 00BeM

paboThl, IPH STOM PE3yIbTaT MO-NPEKHEMY OCTACTCS JOCTATOYHO PEATMCTHYHBIM M HE
TpeOyeT OT pa3paboTuuKa yriryOJICHHBIX 3HAaHWH aHaToMuH. [IpenmyIiecTBa 1 HeAOCTATKH
pa3paboTaHHOTO METO A TIEPEUNCIICHBI B TAOIHUIIE 2.

Tabmuia 2
IpeuMynecTBa M HEIOCTATKH KOMOMHUPOBAHHOT'O
MET0/1a KOMIIbIOTEPHOT0 MOJETMPOBAHUS

IIpeumymecrBa Henocrarku

CoxpalieHue 3aTpar 1o BpeMeHH

Cpeausist peaTuCTHIHOCTb 110 CPABHEHHUIO C KITac-
CHUECKOW CXeMOii paboThl C CUCTEMOM MBIILI]

VYMeHbIIeHHE 00BEKTOB MOJCITUPOBAHHS
TI0 CPaBHEHHIO C KJIaCCHUECKOH cxeMoii pado-
TBI C CHCTEMOMH MBIIIILL

Co3/1aHKEe TOJIBKO CaMbIX HEOOXOIUMBIX MBIIIIL]
BJICUET OTCYTCTBUE Y(P(PEKTa CKOITBKECHUS

VYriryGneHHbIe 3HaHUSI AaHAaTOMUH He TpeOyroTcs

OTtcyTcTBHE HEOOXOIMMOCTH CO3/IaHMsI OO~
HUTENBHBIX TOJIUIOHAIBHBIX 00BEKTOB

AITPOBAIIMA U PE3YJIBTATBI NCCIIEJOBAHUSA

[peanoxeHHbIH MeTo/] OBUT HCIIOTB30BAH TPH CO3JaHUH MOJIeNel B porpaMmMe Maya.

Bri10 cozmano aBe MoJienu — ofHa IO CTaHJAPTHOMY METOAY CKEeJIeTHOW aHMMAIlud, BTO-

past 10 KOMOMHHPOBAaHHOMY METOJY.

B ciydae ¢ mepBoii MozeIbi0 BpeMst pa3paboTKH 3aHs10 56 yacoB. bei1 HacTpoeH nod-

HBIA HOJINTOHAJIBHBIN CKEJIET 06’b€KTa, CO3JaH KapKac MOACIN, HPUMCHCHBI TCKCTYPhbI.
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Co3znanue BTOpoil mMozenu 3aHsano 40 uacoB. beuta mocTpoeHa ckeneTHas cHUCTeMa
YIpaBICHUS B BHJE OCHOBHOTO CKEJIETHOTO KapKaca, OTBEYAIOIIETO 32 ABMKEHUE MOJIEIH.
3areM K HEMY OBbUIM NMPUKPETUICHBI MBIIIIBI, BU3yaJIbHO HanOoJiee 3aMETHBIE TIPH JIBHKE-
HUM MOJIEITH, TTOCJIE YeTo TakXKe ObIIIN MPUMEHEHBI TeKCTyphl. Ha prucynke 1 mpeacraBneHs
Ppe3yabTaThl IPOSKTHPOBAHUST 00EUX MOJIEIICH.

Puc. 1. Pe3ynvmamul npoekmupoganus mooeneti no Memooy cKeiemuoul
anumayuy (crneea) u KOMOUHUPOBAHHOMY Memody (cnpasa)

Kak MOXHO BUAETH, pealMCTUYHOCTh BTOPOW MOJENIN HE yCTyHaeT NEPBOM, HO MPH
9TOM BpeMs CO3/IaHUsI MOJEJEH CyIIECTBEHHO OTIHYaeTcs. bousble Bcero BpeMeHu MpHu
paboTe ¢ mepBOil MOZAENBIO ObUIO YAENCHO CO3aHUIO MOJHOTO CKeleTa O00BEKTa, XOTS
OoutpIas yacTh KOCTEH HE ydacTBYeT B JBIKeHNH. Kpome Toro, OBIIIO TPYAHO BOCCO31aTh
TTOJTHBIN CKENIET B COOTBETCTBHUH ¢ aHaTOMHEH 00BekTa. [1pn mpoekTnpoBaHIH BTOPOH MO-
JIEJIA TaKUX CJIOKHOCTEH HE BO3HUKIIO.

3AK/IIOYEHUE

HccnenoBanue MOEIMPOBaHHS TPEXMEPHBIX OOBEKTOB SIBISIETCS MHTEPECHOM U aKTy-
IbHOM 3a1aueii. {11 CpaBHUTEIBHOTO aHAN3a CYIIECTBYIOIINX METOI0B MOJICITUPOBAHHMS
ObLIa TOIPOOHO U3yUYCHA TIPEIMETHAS 00I1acTh U MPOAaHATN3UPOBaHKI Hanboree 3(h(HeKTHB-
HBIE METObI MOACIUPOBAHNA. AHAIN3 MOKa3al, 4TO IPAKTHYECKH BCE UCIIONIB3YeMBbIe Me-
TOJIBI JTMOO CIIUIIKOM CJIOXKHBI B IPOCKTHPOBAHUH, JINOO CIHMIIKOM 3aTPaTHBI 10 BPEMEHH.

Bt npeioskeH KOMOMHUPOBAHHBIM METOJI MOJCINPOBAHUS, BKIIOYAIONIMNA B ceOs
0cobeHHOCTH Hanbomee 3G HEKTUBHBIX METOIOB MOACIUPOBAHNUS — CKEJICTHOW aHMMAalllK
U CHCTeMbI MbIIIL. B mponecce anpoOaryn ObIIO BBIABICHO, 9TO KOMOMHUPOBAHHBII Me-
TOJ| 3aHMMaeT MEHbILIE BPEMEHH TP CO3[JaHUK MOJIEJICH, OH MEHEE CJIOXKEH B MCITIOJIb30Ba-
HUH, a NOJyYeHHAs! MOJIeNb 00J1a1aeT JOCTATOYHOW PEeaTMCTUIHOCTHIO.

[IpemoxeHHbI METO MOKHO MCIOJIB30BATh HE TOJBKO B MYJIBTHIUIMKALMHA U KHHE-
marorpade. C ero momomp0 MOXHO CIIPOCKTHPOBATH KPAII-TECTHI B 00JIACTSAX aBTOMO-
OustecTpoeHHs sl TPEAOTBPAILCHHUS aBaPUIHBIX CUTYAIMH, CIPOTHO3UPOBATh COCTOSTHHUE
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MUJIOTa BO BPEeMs MOJICTa U ONPEACIUTh CTCIICHh OC30MACHOCTH OTICIbHBIX HHIKCHEP-
HBIX pa3pabotok. Kpome Toro, mo1o0Hast TeXHHKa MOJICITUPOBAHHSI TIO3BOJIUT MOATOTOBUTD
00JIBIIICEe KOJTMYCCTBO CICIUAUCTOB, PE3yJIbTaThl pa0OTHI KOTOPBIX OYAYT HE Xyxke pado-
ThI CETOHAIHUX MPOPECCHOHATIOB, KOTOPYIO Mbl BH/IMM B TIOBCEAHEBHO KHU3HH.
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PaGoTa HampaBiieHa Ha MPOSCHEHHE HEKOTOPHIX OCOOCHHOCTEH MPOrpaMMHON pea-
JIM3aLHK AITOPUTMa JEKOMITO3MIMU IyTeil opueHTHpoBaHHOTO rpada. PasoOpaHbt
QITOPUTMBI JUIsl POPMHUPOBAHMS TaOJIUIBI M JUISl IEKOMITO3HIIMH MHOXECTBA ITyTeH,
COpTHPOBKH TabsuIel M o moso N, u pacdeta G6anancos. Ha ocHoBe aHHBIX ail-
TOPUTMOB H MICXOJIHOTO aJITOPUTMA JICKOMIIO3UIIMH ITyTel OPUEHTHPOBAHHOTO Trpada
pa3paboTaH KOMIUIEKC IPOrpaMM Ha si3bIKe porpammuposanus Python. [Tposenenst
pacdeTs! Iyt cirydaitHoro rpada pasmepHoctu 100 BepIInH U IPUBOANTCS BPeMs pa-
0O0TBI IPETIOKEHHOTO anropuT™a. IlomydeHHbIe pe3yIbTaThl MOTYT OBITh HCTIONB30-
BaHbI TIPH PEIICHUN 337a491 OPTaHU3aIUH TPY30BBIX KEIE3HOTOPOKHBIX MEPEBO30K
Ha 3Tare Ha3Ha4YeHHs U TepeMelleHNs JOKOMOTuBOB. HayuHas n npakTuueckas HO-
BHU3HA PabOTHI 3aKIIIOUAETCS B CYIIECTBEHHOM CHIDKEHHH Pa3MEPHOCTH HCXOIHOM 3a-
JIa4yM, YTO 0COOCHHO Ba)XKHO B YCIIOBUSIX TPAHCIIOPTHBIX CETEi CII0MHOW TOIOJIOTHH.

KitoueBble ciioBa: T€OpHs ONTHMU3ALNH, ONTHMH3AIHMS Ha rpadax, alropuT™ Je-
KOMIIO3UILIUH MyTei OPHEHTUPOBAHHOTO rpada, CHIBLHO CBSI3HBIN rpad, moarpadsl.
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BBEJIEHUE

[IpakTHueckas peanu3anys aropuTMa JISKOMIIO3UINH ITyTeH OPUEHTUPOBAHHOTO Ipa-
(a BBI3BIBACT HECKOJHKO MOOOYHBIX 3a]ad, TPEOYIOIMX pemieHus. Bo-nepBbIX, HYKHO
MIOCTPOUTH TAaOJIUILy, KOTOpast OyJeT MCIOIB30BaThCs B aNroputme. PydHoe cocraBienue
TaOMUIBl ¥ py4Has 00paboTKa JaHHBIX TpeOyeT KOJOCCAIbHBIX BPEMEHHBIX 3aTpat, 0Co-
6eHHO st Tpad)oB OOJIBIION pa3MEPHOCTH, ITyTH B KOTOPHIX, KaK MIPAaBUIIO, MOTYT JIOCTH-
raTh HECKOJIBKUX COTEH (WM Jaxke ThIcsd) pebep (BepmuH). TakuM 0Opa3oM, COBEPIICHHO
OYeBHIHA HEOOXOIUMOCTh YaCTUYHON aBTOMAaTH3allMM BhILIEONHUCcaHHOro rmporecca. Co-
CTaBJIEHHE TaOJIUIIBI IO NCXOJHOMY Ipady U MHOXKECTBY IyTel — IaJIeKO HE TPUBUAIIbHAS
mpo0iemMa, pacCMOTPEHUE KOTOPOH BBIXOJIUT 32 NPEIEIIbl JAHHOH CTaThby, I03TOMY OyJieM
1oJIaraTh, 4TO Ha BXOJ AJITOPUTMa IIOAI0TCs HAOOp MyTeH, a Taxke TadyuIa, B KOTOPOH
yKa3aHa IPUHAUIE)KHOCTH pedep rpada K onpeaeIeHHbIM noArpadaM B BUIE CIHCKA.

Bropoii 3amaueit, TpeOyromieil pemeHust B MPOIecce peaIn3aiy alrOpUTMa, SBISETCS
UCIIOJIb30BaHNE B aJITOPUTME HECKOJIBKUX 3BPHCTHYECKUX KPUTEPHEB, TAKUX KaK pacyer
OayaHcoB 1 COPTUPOBKA MO N,.

HOAI'OTOBKA TABJINIBI JISA AEKOMITIO3ULIUN

Iycts 3a1an opueHTHpoBaHHkLi rpad G — (VE) u maGop moarpados G, G, ... G,

umycts P={p,, ..., p, } —3anannbiii Habop nytew rpada G . Bymem monarats, 4T0 HCXO.-
HBIE JIAHHBIE MOJAFOTCS Ha BXOJ AITOPHTMA B CIIEYIOMIEM BUE: paths = {(vI,v2 ,v3 ,...),
{(vl,v2,v3,...),...} — CIHCOK IyTeH, Vi; — YNUCIOBLIC 3HAYECHUS BEPUIUHBI { B TYTH ],

i=1l.m,j=e{l2,.. [V} E o (vl.,vj)={l|(vi, vj)eGl} — CIMCOK TPUHAIIKHOCTH pedep
rpacda noarpadam.

Ha cneptyrommem sarne HyXHO COCTaBHTB TaOuIbl M(p,), KOTOpBIE 3aTeM OyIyT 00be-
JTUHEHBI B Tabmuiy M(p). s 3Toro Heooxo1umMo npeodpa3oBaTh KK/ U3 MyTCH BHUIa
(vI,v2,v3,...) 10d myTd p, B HAOOp , (VI/JSIJJVZJ’SZI"ij""vl—lj’sl—lfvlj)’ S, € E perapn (ka VMJ_)
MHOECTBO KOTOPBIX path, . CONEPKHUT BCE BOSMOKHBIE BAPUAHTHI MPOXOKIEHHS T10 TIO]I-
rpadam B 3ToM myTH. OTHIIEM TPOCTON aJrOPUTM JUIS IAHHOTO ACHCTBHSI.

Aneopumm 1. T'eHepaliyisi BApUAHTOB TIPOXOXKICHUSI 10 TIoArpadam B myTH
1. Ilycte mmeercs myTh p = (v1,v2,2,...) u Tabnuua Esubgmph , onucanHas Beime. Onpene-

JUM TIyCTyto Tabmuuy path, = ()

2. Ilomemaem v1 B Tabmuny: path, = (v1). Ecin Embgmph(vl,VZ) = {s1}, To momemmaem sl

B Tabmuuy: path, = (v1,s2). Eciu E_mbg’_aph (v1,52) = {s1,s1,,...,s1 }, TOrma cocrapmusem

TaOJNIy CIIeTyIOMIEero BUaa:

vl sl
vl 51,
vl sl

61



3os0mapeb U.A., Pacckasoba B.A.
IMpakTryeckas peayvsaiys aJIrOPUTMA JTEKOMITO3VLINN Iy TeV OPVEHTNPOBAHHOIO rpada
Mopenposanue n a"ainm3s gaHHbIx. 2020. Tom 10. No 3.

3. Ilomemiaem v2 B Tabnuiy mmyTeM J100aBICHHUS €€ CIIpaBa K Ka)KI0W CTPOKE TaOJIHIIBI.
[Ipomomkaem M00aBIATH BEPIIMHBI U YHCIIA MPUHAIISKHOCTH pedpa Kk moarpady 1o
Tex nop, noka ue serperutes | £, (v,,v,,, ) IE {si,, siy,...,s0} > 1

4. TlycTp Ha i-M IIare UMeeTCs TaOJInIa CICIYFOMEero BUA:

Ul Sll vz SZ ‘[)3 ‘U[
‘Ul S]-Z UZ SZ ']_;'3 U[
1)1 Slm ‘Uz SZ U3 ‘Ut

Tornma nobaBnsem 3HaYCHUS {si »SEys. .,siz} CIeIyoNM 00pa3oM:

Janee nepexo UM K mary 2, ¢ BEpUIMHOHA V,,; BMECTO V.
Vi S, V25, vy oo Vi Sy
Vi S1, V2 5 vy .. Vi Sy
V1 S, V2 s w3 ... Vi Sy
Vi 81, V25, vy .. Vi Sg
Vi S, V2 o5 vy .. Vi S
vy S1, V28, vy .. Vi Sipy
Uy S, V2o os, vy .. Vi Si
Vi S1, V2 5, vy ... Vi Si
Vi S1, V2 o5, vy .. Vi Si

5. ANTOpHUTM IPOIOIKACTCS IO TEX IO, TTOKA HE 3aKOHYATCS BEPIIUHBI B Iy TH.
Janee paboTa CBOJIUTCS K MPOCTBHIM OIEPAIMIM KOHKATCHAIIMU TaOJIUIL M 3aI10JTHEHHS
WX, CIIEAYS ONTUCAHHBIM B OPHTHHAIBHON CTAThE MPHHITUTIAM.

JEKOMIIO3ULIUS

[lepeiinemM HEMOCPEACTBEHHO K aJTOPUTMY JIEKOMIO3UIMHU. 3/1ech U aajee OyayT uc-
MoJIb30BaThcst 0003HaueHus u3 [1]. Kak Obu10 ynOMsIHYTO BBIIIIE, 37IECh €CTh JBa MOMEHTA,
CBSI3aHHBIX C IBPUCTHKAMU JIOKAJIbHOT'O TIOMCKA.

Bo-nepBbIx, 310 copTupoBka o N, . UToObI yCKOPUTH 00paOOTKY AaHHBIX, COPTHPOB-
Ky 10 Ny MOXHO HE IIPOBOAUTD, €CIIU BBIIOJIHSIOTCA CIECAYIOLIUE YCIOBUS:

1. mocie copTupOBKH 110 cTonbuam mk , ¢ u bal, BepxHss cTpoka Tabmuipsl M |, rie B cronoue
mk Haxomutcst «1», eIMHCTBEHHAS,

2. 1ocie COPTHUPOBKM HO cronduam mk, ¢ u bal, BepxHue ctpoku Tabmumsl M , Tae
B cTosOue mk HaxoauTcs «1» JUIs OJTHOTO M TOTO K€ p COJEepXkaT XOTs Obl 1Ba pas-
JINYHBIX 3HAYCHUS B CTOJIOLIE C

3. mocne COPTUPOBKY IO cTonOuaM mk , ¢ u bal; BepxHue ctpoku Tabmup! M , rie B croioue
mk HaxomuTCst «1» U OTHOTO M TOTO K€ p COAEPMAT XOTS ObI JIBa Pa3HbIX 3HAYCHHUS B
cronoue bal; .
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Ecin 51 0J1HO U3 BBIIENIEPEYUCIEHHBIX YCIOBUHI HE BBIIIOJIHAETCS, pacueT Ny
OpraHM30BaH CIEIYIOUINM 00pa3oM:

1. nms xaxaoi cTpoku U3 MHoxkecTBa M (p,) nobapiseM ee Bo MHOXKecTBO M (D) — MHO-
KECTBO OTOOPAHHBIX B IEKOMITIO3UIIMIO CTPOK HA i-M IIare;

2. paccuuTbiBaeM Ny ;

3. 11 HeBBIOPAHHBIX HA i-M HTaIle CTPOK 3HaUEHUSI Ny MOXKHO HE PaCCUUTHIBATH, TAK KAK
IIOCIIE COPTUPOBKU OHHU BCE PABHO OKAXYTCS «HUKE», 4eM 3HaueHus us M (p,). dus
OIIPEAEICHHOCTH MOKHO CUMTATh, YTO OHH PABHBI 0.

Bropoii 3BprCTHYECKUI anropuT™ — 3TO pacyeT O6ananca. [lepenumiem pacueT GanaHca

B BUJI &JITOPUTMA, KOTOPBII MOXKHO OYZET JIETKO EPEBECTH B IIPOrPaMMHBIH KOJI:
Aneopumm 2. Pacuer Oananca

1. Tlyctp mmeercs Tabmmia M mocie BEIOOpa CTPOKH B ACKOMIIO3HIIUIO, 70M — CTPOKA
TaOMMIIEI, BRIOpaHHAs HA IPEAbIayeM mare, p(nom)=p,, Ind(nom)=Ind, .

2. Jlnst kaxmoro s u3 [1..K] 3aBemem MaccuB Jyist yeioBusi otoopa ctpok Cond(s) ¢ pas-
MepHOCTEIO | M |x1 | THe | M| — xommaectBo CTpOK B Tabmiue M .

3. Hmsa xaxmoro s w3 [1..K] u ams xaxkgoro i u3 [1./—1] mocunraem ycimoBue ciemy-
fomero Buaa cond,(z) = Vcruna, ecnu B z-it ctpoke tabmuist M: vi = vi(nom) u vitl=
vi+1(nom) u si = s. [lanee, Boinonusercs nocrpounoe MJIN mns crpok u3 cond, nu Cond .

4. Jlna xaxngoro s u3 [1..K] orbupaem cTpoku n3 tabmumsl M 10 ycnoswio: M [p] # pi
U M[mk]l =1W M_[bal]=0 W M][Ind] # Ind, 1 Cond(s) u BBICTaBIIsIEM 3HAYCHHUE B
cronbue bal pasHbIM 1 JUIs OTOGPAHHBIX CTPOK.

ITPOI'PAMMHAS PEAJIM3ALIUA

B kadectBe s3bIka mporpamMmmupoBaHusi Obu1 BeIOpaH Python 3. DToT s13bIK 0Osamaer
IIPOCTBIM CHHTAKCHUCOM, YJJOOHBIMH JUIsl paOOTHI THIIAMH JIaHHBIX, @ TAKXKe JUIs HEro ObLIH
peann30BaHbl MaTeMaTHYECKHE MakeThl ¢ xopomnM API (numpy) u MomHOe cpeacTBo s
paboTsI ¢ Tabnuiamu (pandas). @yHKIMY U3 3TUX TAKETOB JISTYT B OCHOBY IIPOrPaMMHOTO
KOJ1a JUIsl peaIn3alliy JITOPUTMa JEKOMITO3ULIMH ITyTel OprHeHTHpoBaHHOro rpada. Kpome
9TOTr0, OyZAET HCroNb30BaHa Onbimoreka graphviz i Bu3yanuzanuu rpada. [Ipu peannsa-
1uH OyJIeT MCI0Ib30BaH 00 bEKTHO-OPHEHTHPOBAHHBIHN 1101X0/1. OH MO3BOINT O0BEIUHUTD
B OZIHOM MECTE€ JaHHBIE U KO Ul pa0OThl C HUMH, @ TAKXKE CKPBITh JETATH PEATH3aALUN
JITOPUTMA OT MOJIb30BaTeleil (MPUHIMI UHKAIICYIISMK). BXoaHble naHHble OyayT moja-
BaThCs Uepe3 KOHCTPYKTOP, B KOTOPOM Oy 1T IPOUCXOJUTh CO3/IaHUE UCXOTHOM TaOJIUIIbI,
a eIMHCTBCHHBIM, KPOME KOHCTPYKTOPA, OTKPBITBIM METOJIOM OYAET METOJ, B KOTOPOM
MIPOMCXOUT HETIOCPEICTBEHHO JEKOMITO3HLIUSI.

Jist TeCTUPOBaHMS MPAKTUUECKON pealin3alii JIrOpPUTMa JICKOMITO3HULIMN HE00X0 -
MO Cr€HEpPHPOBATh CHIBHO CBSI3HBIM OPHEHTHPOBAHHBIN Ipad) 1 MHOXKECTBO ITyTEH.

[Tycts mmeercs rpad G, n300pakeHHbIH Ha puc. 1 u 2.
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Puc. 1. Cunvno ceasnuiii epap (1)

BribepemM MHOXKECTBO ITyTei

P=A{
P =1{1,2,7,4,11,30,22,25,34,46,53,52,58,59,65,62,70,67},
p, ={11,17,15,13,18,16,20,11,30,27,22,30,34,46},
py ={38,31,34,30,11,21,28,22,30},
P, =112,7,4,3,5,8,9,6},
ps =1{5.3,4,7,2,1}
¥

bynem cuutats, uto rpad cocrout u3 10 noarpados, G,....G,,
V(G,)=11,2,3,4,5,6,7,8,9,10,11,30)

V(G,)={11,12,13,14,15,16,17,18,19,20,30}

V(Gy)= {22,30,31,32,33,34,38,39,46}
V(G,)=111,21,22,23,24,25,27,28,29,30,34,35,36,37,40,46}
V(Gs)= {41,42,43,44,45,46,47,48,49,50,53,54}
V(Gy)=1{52,53,54,55,56,57,58,59,60,62,65}
V(G,)=1{61,62,63,64,65,66,67,68,69,70,71,75}
V(Gy)={66,68,71,72,73,74,75,76,77,78,79,80,85}

V(Gy)= {81,82,83,84,85,86,87,88,89,90
V(G,)=1{85,88,91,93,94,95,96,97,96,97,98,99,100}

E(G,) = {(v,.,vj)|vl.,vj e G}, le{l,...,10}
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s G,....Gy., E(G)={(v.v,)v.v,€ G}, [ {l,....10}

Puc. 2. Cunvno ceaznuii epag (2)

[ytu n3 P nexars G,,...G,.
CocraBum tabmuuy E, .., , KOTOpas UCMOJb3yeTcs B anroputme 1. Ilocie BbinonHe-
HUS alTOPUTMOB | 1 2 U anroputMa, OMMCaHHOTO B [1] moiy4yaem, 4TO MyTH HAXOJSATCS B

CIIEAYIOMINX ToArpadax:
P elGl,p, € {G3,G4},p3 € {GZ,G3},p4 € {G3,G5,G6,G7},p5 e{G}

Pabora anroputma miis Tpada BEIIIE 3aHIMAET B CPETHEM 6 CEKYH].
Pe3ynbTaThl 3aITyCKOB QJITOPUTMA JUISl PA3HBIX BXO/IHBIX JIAHHBIX ITPUBEIEHBI B Ta0I. 1.
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Tabnuua 1
Pe3ynbrarsl 3amycKkoB aJiropurMa JAeKOMIO3M MU
KosnyecTBo KoanyecTBo KosnyectBo KoanyecTBo Bpemsi padoTbl
BEPIIMH pedep nyTeii noarpagos aJITOpUTMAa
6 5 1 1 20 mc
6 14 4 800 mc
16 28 2 1.2¢
27 36 2 7 l6c
70 130 5 7 6¢
100 160 7 10 1lc
SAKIIOYEHUE

Pa3paboTaHbl aIrOPUTMBI JISI TIOJTOTOBKHU TaOIUIIBI sl IEKOMITO3UITMU U TIOJIpOOHEe
ONMCAHBI AITOPUTMBI AEKOMIO3ULINHU. [lomydeHHbIE pe3yIbTaThl PeaJTu30BaHbl B BUJIE PO-
rPaMMHOTI'0 KOJIa U TPOBEPEHBI ISt OPHEHTHPOBaHHOTO rpada pazmepHocTu 100 (BepiimH).
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B craTbe paccmaTpuBaeTCs IUIOCKast 3a1a4a KBAHTHIBHOM ONTHMH3ALMK C OMITNHEH-
HOM (yHKIHEH MOTepb, KOTOpasl ¢ UCIOIH30BAHHEM JOCTATOUHBIX YCIOBHI ONTH-
MaJIbHOCTH CBOJIUTCS K 3aJa4e JTMHEHHOTro mporpaMmupoBanus. CBeieHNE OCHOBAHO
Ha HCTOJb30BAHUM MOJNU3APATBHON MOJENH S/Ipa BEPOSITHOCTHOTO pacpeeneH s
BEKTOpa CIyJaifHBIX TapaMeTpoB. J{JIs MOCTPOSHNUS 3TOH MOJIENHN MPEUIaraeTcst aj-
TOPUTM, OCHOBAHHBI Ha METOAE CTATUCTHUECKOTO MojenupoBanus. IIpuBomurcs
OIUCAHUE NPOrPaMMHOI0 KOMIUIEKCa MOCTPOEHUsI MOJENIU siApa Ul psiia BeposT-
HOCTHBIX PacCIIpe/IeNICHNI CIIyqaifHbIX TapaMeTpoB.

KnrodeBble c10Ba: KBaHTHIIBHAS ONTUMH3AIMS, QYHKIHUS TOTEPh, CTOXaCTUUECKOE
MIPOrpaMMHPOBAHUE, SAPO BEPOSTHOCTHOTO PACTIPECICHIS, MUHUMAKCHAs 3a1ada.

BBEJIEHME

B Hacrosmiee Bpemsl 3aJaull KBAaHTHIBHOW ONTHMH3AIMU OTHOCATCS K MHTEHCHBHO
Pa3BUBAIOMICHCS TEOPUU CTOXACTHYECKOTO MPOTPAMMHUPOBAHUS C BEPOSITHOCTHBIMU KPH-
TepusaMu [1]. OyHKIUS KBAaHTWIM ONpPEAENAeTCs] KaK KBAaHTWIIb 3aJJaHHOTO YpPOBHS ISt
BEPOSITHOCTHOTO PACIPENICNICHHUST HEKOTOPOH (DYHKIMH TOTEPh, 3aBUCSIIEH OT BEKTOpa
ONITUMHU3UPYEMBIX TIEPEMEHHBIX W BEKTOpa CIydaifHbIX mapamerpoB. ONTHMU3AIOHHBIC
MOJIENH C KBAaHTUIIBHBIM KPUTEPUEM HUCIOIB3YIOTCS B MPHIIOKEHUSX AT y4eTa pUcKa Wil
TpeOOBaHMH HAZEKHOCTH NPH HATMYUH HEONPEICIEHHOCTEH CTOXaCTHYECKOW MPUPOIBI.
B Teopun cTOXaCTHYECKOTO MPOrpaMMHUPOBAHMS 33/1a41 ¢ OMIMHEHHBIMU (DYHKIIUSIMH T10-
TepPb 3aHUMAIOT 0c000€ MECTO, TOCKOJIBKY TIOPOKAEHBI SKOHOMHUECKOI IPOOIEMAaTHKOM —
3aJ[a4aMi ONTUMH3AIMH TOPTHETHHBIX MHBECTUIINI € y4eToM prcka [2—4].

SIBHBIE aHAINTHYECKUE BBIPAXKCHUS ISl (QYHKIMHM BEPOSTHOCTH B COJICPIKATEIbHBIX
MIPAaKTHYECKHUX 3aa4ax, KaK MMPaBWIo, TOJyYUTh HE yaaeTcs. bonee Toro, yacto He yna-
eTcsl ZJaXKe BBIYUCIUTH 3HAUEHHSI BEPOSITHOCTHBIX KPUTEPHEB ¢ JTI000N Harepes 3aJaHHON
TOYHOCTBIO. B cHIly yKa3aHHBIX NPUYUH MPU Pa3padOTKe YMCICHHBIX METOJOB ONTHMH-
3alUU A ATUX KPUTEPUEB MPUXOAUTCS UCIONB30BaTh PA3IMUHBIC UX ANMPOKCHUMALUU.
Hanpumep, anmpokcnmanusi MOKET CTPOUTCS Ha OCHOBE MOCTPOCHMS JAETEPMHHUPOBAH-
HBIX TPaHUI] U1 paccMaTpuBaeMblX (pyHkumil. CyTh TpeiaraeMoro B CTaTh€ METOAA
B TOM, YTO ITPH BBITIOIHEHUH HEKOTOPBIX JOCTATOYHBIX YCIOBUI ONTUMAIBHOCTH [5] 3a1a4ua
KBAHTHJIbHON ONTHUMM3ALUK OKAa3bIBAETCSI KBUBAJIECHTHON MHHUMAKCHOMH, Iie MaKCUMyM
Oepetcst OT (YHKIMU TOTEPh Ha SIpE BEPOSITHOCTHOTO PACIPEACIICHHs] BEKTOpa Cydaii-
HBIX [TapaMETPOB, & MUHUMYM — 10 ONTUMHU3HPYEMOHN CTpaTeTHH. SIpo onpenensieTcs Kak
MIepPeceueHne BCEX BBIMYKIIBIX M 3aMKHYTBIX JOBEPHTENBHBIX MHOXKECTB B NPOCTPAHCTBE
peanu3anuii TOro BEKTopa. DTUM UCIIOJIb3YEMBIH B CTAaThe MOAXO0J OTAMYAETCS OT HOAXO-
Ja paboTel [4], TAe BMECTO JOCTATOYHBIX YCJIOBHI ONTHMAIBHOCTH MpEAJIaraioTcs ooiee
KECTKHE U TPYJHO ITPOBEPsieMbIe TpeOOBaHMS PErySIPHOCTH spa. B craTbe mpesaraercs
€1oco0 MOCTPOEHHMS CKOJIb YTOAHO TOUHBIX CTATUCTUUECKUX aIIPOKCUMAIIMH sSIIpa C TIOMO-
IIBIO BBITYKJIBIX MHOTOI'PAaHHHUKOB. B 3TOM 3aKirouaercs OTIIMYHME TPeuIaraeMoro crocooa
anMpoKCUMAINH SIIpa OT AITOPUTMOB, PEATN30BAHHBIX B [6], T/1e peIararoTcst IeTepMH-
HUPOBAHHBIC TTOJM3APATIbHBIC alMPOKCUMAINH. VICIOIB30BaHNE 3THX CTATUCTUYECKHX all-
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MPOKCUMAIIMH BMECTO sJIpa B YKa3aHHOM BbIIlIE MUHUMAaKCHOM 3a/1aue, Kak u B [4], mpuBo-
JIAT K 3a/1a4€ JIMHCHHOTO MPOTrPaMMHPOBaHUsI C OOJIBIIUM YHCIOM OIPaHUYCHUIA.

[ebro HACTOSIIETO HCCIICIOBAHUS SIBIISICTCS OTPA0OTKA AIbTEPHATHBHBIX aJITOPUTMOB
MOJICITUPOBAHUS S/Ipa C IEIbI0 PAa3BUTHUS PE3YNIBTATOB paboTH [4], a Takke pa3paboTka
MIPOrPaAaMMHOTO KOMIUIEKCA, PEaIU3yIOIIEro 3TH allTOPUTMBI, TIO3BOJIIOIETO UCCIICA0BATh
WX CBOMCTBA HA PA3IMYHBIX MIPUMEPaX aKkaJIeMHUICCKOTO XapaKTepa.

ITOCTAHOBKA 3AJIAYA

Bgenem psn o6o3znauennit. I[lycts 77 — ciyuaiinas BennunHa ¢ QyHKIHEH pacrnpene-
nenust F(x)=N(n <x). Ksantusibio 3a1aHHOrO ypoBHS ¢ € (0,1) Ha3bIBaeTCs BEJIMYNHA
[n]a = min{x : F(x) > a} .

PaccmarpuBaercs 3a1a4a KBAaHTHUIILHOW ONTUMH3ALINN:

o, ()= [ub+ué +u,é,],—~> _min

g 20, uy 20,u, >0’
g +uy +uy =1

rae u = (u Uy, uz) — BEKTOP ONTUMU3UPYEMBIX IEPEMEHHBIX, Ha3bIBAEMBII HIKE CTpa-
terueit, & = 651 , 52 — ABYMEPHBIN CIy4aiHbI BEKTOpP, KOMIIOHEHTBI KOTOPOrO HE3aBU-
CHMBI M OJJUHAKOBO PAaCIpPENENIEHbl B COOTBETCTBHH C 3alaHHBIM 3aKOHOM PACIpeIesIeHHs,
b >0 — nerepMUHMPOBaHHAs CKAISPHAS BEIUYHHA.

JanHas 3agada MO>KeT ObITh IPOMHTEPIIPETHPOBAHA KAK SKOHOMHUYECKas 3a/1a4a (hop-
MHUpOBaHHs MOPT(esns EeHHBIX Oymar ¢ y4eToM pHcka. B 3Tux TepMmuHax crparerus U
ONpeJIeNseT CTPYKTYPY MHBECTHIIMOHHOTO TIOPT(HENs, KOMIOHEHTH BekTopa & — 10X0/1-
HOCTH JIByX PHCKOBBIX IIEHHBIX OyMar, b — Ge3puckoByto cTaBKy npolenta. Ilpu Mojenu-
POBAaHUU PUCKA C TIOMOIIBIO KBAHTHIILHOTO KPUTEPHsI cunuTaercs [2,3], 94To OH OrpaHudH-
BAETCSA JIOIYCTUMOM BeMuuHOl 1 — o .

OCHOBHBIE TEOPETUYECKHUE PE3YJ/IBTATbI

AHFOpI/ITMI:.I pemeHuA MOCTaBJICHHON 3a4a4d OCHOBAHBbI HA HCIIOJB30BAHUU ITOHATUS
-s7Ipa pacrpesieNienus ciydaiftHoro Bektopa. Jlist cirydaiftHoro Bektopa & 5T0 PO OMpe-
JIeNAeTCsl COOTHOIIEHUEM

T T
K, = {x:c xﬁ[c 5] }
lleli=1 «
Bgenem B paccMoTpeHne (QYHKINIO MAKCHMyMa
v, (u) = rnaxf(u,x),
xek,
e f(u,x)=ub+ux +u,x, u BCIIOMOTaTe/IbHYI0 MUHUMAKCHYIO 33124y
* .
v, =y, (u,)=miny, (u),
uelU
B KOTOpOl MHOKeCTBO U JIONMYCTUMBIX CTpaTeruil TO ke caMoe, 4TO U B paccMaTpu-
BaeMOH 3aJlaue KBaHTWJIbLHOM onTuMu3aluu. B [1] ycraHOBI€HO, UTO €ciu siApo YIO0BIIET-
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BOPAET HEKOTOPOMY YCIIOBHIO DPETyJISIPHOCTH, TO @, (u ) =y, (u) mst Beex U €U .
[ToaToMy BcioMoraTtenbHas 3a/1a4a OKa3bIBAETCS] IKBUBAICHTHOI MCXOTHOM 3a7aue KBaH-
TWIBHOW omTuMmu3auu. IIpakTudeckas mpoBepka BBIIOIHEHUS YCIOBUS PETYISIPHOCTH
B HACTOsIIEe BpeMs NPE/ICTABISIETCS HepeleHHON TpobieMoid. VckiroueHnem sBisieTcs
Cilydai 3JUIMNTHYECKH CUMMETPUUYHBIX paciipesieieHuil, ykazauuslid B [1]. B [5] noka3zano,
YTO JIOCTATOYHBIM YCIIOBUEM ONTHUMAJIBHOCTH PEIICHUS] BCIIOMOTATEIbHON 3a7a4l B HC-
XOZHOH 3a/1aue KBAHTHIBbHOW ONTHMHU3ALNH SBIISICTCS BBIITOJTHEHHE YCIOBHS

Ny *
N(f(ua,é) < z//a)z a,

KOTOpPOE MOXKHO ITPOBEPSITH, HapuUMep MeTo1oM MonTe-Kapiio mocie pemenus Bero-
MorarespHOH 3anaun. [Tpu 3ToM ycioBrue peryinsapHOCTH MOXKET ObITH HE BBITTOJTHEHHBIM.
Pa3paboTaHHbIi B paMKaxX HACTOSIIETO UCCIIEIOBAHUS M ONMMCAHHBIA HUKE TIPOTPAMMHBIHA
KOMIUIEKC MMEET CBOEH 11eIbI0 MPOBECTH alpoOaIliio TAKOT0 MOAX0/a JUIS pa3InIHbIX 3a-
KOHOB pacrpe/ic/ieHus KOMIIOHEHT ciydaiiHoro sekropa & .

[TpuBenem BcriomMoraTeabHYIO 3a/1a4y K 3a1a4e JJnHelHoro nporpammupoBanus (3JII1).
Tak Kak BEKTOp # M KOHCTaHTa b SABJAIOTCA 1eTePMHUHUPOBAHHBIMH, TO

[ueh +u, & +u,é, 1, =ub+ [ué +u,é, ], .
N
JlonycTuM, 4T0 ¢ -SIAPO YIAIOCh alpPOKCHMUPOBATH BBIMYKIbIM mommapom K .
BriepBrie anropuT™MbI OCTPOCHUS TaKUX ANIIPOKCHMAITMH TPEATIOKCHEI B [4] U peann3o-
BaHbI B JIBYMEPHOM ClTyuae Jijist psifia pactipeaesenuii B [6]. [Ipu 3amMeHe -s/ipa ero anmpox-
cUMaIlieil BO BCIIOMOTaTelIbHOM 3a1a4e MojydaeM CleTyolyl0 MUHUMAKCHYIO 33134y
uyb +max (u,x, +u,x,) —>  min,
xeKLiv g 20, u; 20,u, 20
U+ +uy =1
KoTopas cornacHo [4] sxBuBanentHa 3JII1 Buna
y—> min,
g 20, u; 20,1, 20
U +uy +uy =1

ugh +uyx +upx;, <y, j=1,N

. LT N
B KOTOPO# X; :(xﬂ,sz), Jj=1,N — Bce Bepumnbl nommapa K .

CTATUCTUYECKHI AJITOPUTM
AMIIMTPOKCUMAIIAY SIJTPA

ByzneM cTpoUTh CTaTUCTUYECKYIO OLEHKY NOIMIPAIbHOM alllIPOKCUMALIUY -s1pa B BUIE
N —_—
N _ T T
K =(x:c/x<[c] €1,
i=1

/I «KPBIIIKa» 0003HaYaeT BEIOOPOUHYIO OLIEHKY KBaHTHIIH [ 1]. [l ee mOCTpoeHus He-
00XOAMMO CHavaa CreHEpUPOBATH BEKTOPBI €AMHUYHOM HOopMam C;,i =1,N ,rne N —
4yciIo orpanuyeHuii. B [1] 65110 IpeanoKkeHo reHepupoBaTh BEKTOPEL C; € IOMOMLILIO Ha-
HECEHUsI PABHOMEPHOH CETKH Ha MMOBEPXHOCTh €IMHAYHON OKPYKHOCTH. BEKTOpEI C; paB-

. T 9
HbI (COS(DI.,Slani) , TJIe @, — yroj -Toii yacTy pa30UeHus OKPYKHOCTH.
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B omnmune ot pabort [4,6] npeiaraeTcs HCHOIb30BaTh CIy4aiHyI0 BEIUYUHY (D, paB-
HOMepHO pacnpenenentyto no 3akony R(0,277) . Crenepuposas BHIGOPKY yriia () 00b-
eMoM N , IOCTPOMM BapHAIMOHHBIA PS/ TMONyYSHHBIX peai3alliii, a 3aTeM BBIYHCIIM
COSQ, n sing,, rae (U, — i-bli YJIEH MOCTPOCHHOTO BAPMALMOHHOIO Psia MOMYYCHHOM
BBIOOPKH peasIn3alnii CIy4aifHOW BETMUUHBI ¢ .

INoxyuns HAOOp BEKTOPOB CAMHUYHON HOPMAIH C;, HOCTPOMM BBIOOPOYHBIE OLIEHKH
MPaBbIX YacTel orpaHndeHuid. st 9Toro renepupyem BhIOOPKY BEKTOpa O6T>CMOM L u
IJ1s Ka’KJ0r0o BEKTOpa C; IOCTPOMM BapHALMOHHBIH psi BRIOOPKH | C; & 3 =1,L . Bu-
OOpPOYHOI OIIEHKOW IS KaXKIOTO JTMHEHHOTO OTPaHUICHHS OyAeT CIyXuTh L -biif (PyHK-
LU OKPYTIICHUS IPOOHOT0 YHCIIa 10 OIFKANUIIIETo IIeJI0ro BIPABO) YWiIEH COOTBETCTBYIOIIETO
BapHalLOHHOTO psifa. Takum o0pa3oM mosyuyeHa cucteMa JMHEWHBIX OrpaHuYeHHUI.

OTOT ¢1oco0® OCHOBEIBAETCS Ha TOM, 4TO IIPU TEHEPALMU BEKTOPOB C; OBLI IIOCTPOECH
BApPHALMOHHBIN S CIIydailHON BEIMYHHBI ¢ , TOTOMY YTO B 3TOM CIIydae MBI ITOJIy4aeM
CUCTEMY MPSIMBIX, [JIe KaXIas CIICAYIOIIast IPsMast SIBJISIETCS] «COCEIOMY IPEABIIYIIEH, TO
€CTh €CJIA 3TH TPSMBIC SBIAIOTCS CTOPOHAMH aIMPOKCHMHUPYIONMETO MHOTOTPaHHHUKA, TO
HX TOYKa IMepecedeHus OyIeT BepIINHONW 3TOr0 MHOTOTPAHHUKA WU, €CIH MO-IPyTOMY,
OHHU SIBJISIIOTCSL COCEIHMMU cTopoHamHu. K coxkaieHuro, n3-3a Toro, 4ro rpasble YacTH JIH-
HEHHBIX OTpaHIYCHUI BBIYUCISIOTCS HE TOYHO, @ B COOTBETCTBHH C BRIOOPOYHBIMH (CTa-
TUCTHYECKUMH) OIICHKAMH, TO HEKOTOPBIE OTPAHUYCHUS MOTYT OKa3aThCs JTUIIHUMHU. B pe-
3yJITATE YUCIIO BEPIIMH AMIIPOKCUMUPYIOLIETO MOJIM3/Ipa MOKET OKa3aThes Menbine N
YTO OTJIMYACT MPEIaraeMblid aITOPUTM OT alTOPUTMOB [4,6] U CYIIIECTBEHHO 3aTPYAHSICT
HCCIICZIOBAaHHUE €r0 CXOUMOCTH. _— _

Hrak, wnMeercss MHOXECTBO JIMHEHHBIX OrpaHMYEHUIN Cl.T xS[Cin :I =1L N,
MOJTYYEHHEIX B pe3yibTaTe ajlropuTMa TeHEpaluy JIMHEHHBIX OrpaHudeHuH. lIpsmble

= [Cl.Té: :Ia ,1 =1, N, koTOpBI€e 33]1a10T 9TH JIMHEIHHbIE OrPAHUYEHHS, SBISIOTCSA CTOPO-
HaM¥ alnmpoKCHMHUPYIOIIET0 MHOTOIPAHHHUKA, IPUYEM OHH PACTIONOKEHBI B TAKOM MOPS/I-
K€, UTO K&XK/Iasi CIETYIOmas IpsaMast . X :[cli]f] SABJISIETCS «COCETOM» TIPEBLIYIIEN.
DT0 0GCTOATENLCTBO MI03BOTIAET CEPHE3HO CHI3HTH KONMYECTBO PELIACMBIX CHCTEM JHHEH-
HBIX yPaBHEHUH 110 CPABHEHHMIO C AITOPUTMOM, UCTIONb3yEMBIM B [4].

Hlae 1. CocTaBisieM U peliaeM CUCTEMBbl IMHEHHBIX YPABHEHUH c xX= f ] (mns

nepBoii ntepaumy anroputva i = 1) u npameix ¢; Tx = [C f:l ,J =i+1,N . Pemaem no
TeX MO, MOKa He OyJIeT HaiileHa TouKa nepecequI/m Y/IOBJIETBOPSIONIAS BCEM JIMHEHHBIM
OrpaHMYEHHUsAM, WM MOKa HE MepebepeM Bce BO3MOXKHBIE cHCTeMBbl. Ecim moaxossmas

TOYKa ObLIa HalIeHa, TO MPSMBbIC c xH ck X —[ck d ] ,TIe k — HOMep TepBOi BCTpe-
o
THUBIICHCS TIPSIMOM, TOYKA nepeceqeﬂm C KOTOPOH YIOBJICTBOPSCT BCEM JIMHCHHBIM Orpa-

HUYCHUAM, ABJIAIOTCA CTOPOHAMHU MHOT'OTPAHHUKA, UX TOYKA MCPCCCUYCHUSA SABJACTCA CTrO

. T T
BEPIIMHOM, a BCE MpsIMbIE C; X ZI:C.

; f ] ,i=2,k—1, He SIBIIAIOTCS CTOPOHAMH AIIPOK-
CUMHPYIOIIETO MHOTOTPaHHHKA, nepexozﬁdM k mary 1, [ =k . Eciu moaxosimmx Todex
HalIeHo He ObUIO, U MpsiMasi paHee He Oblla OTMEUeHa Kak CTOPOHA aIIPOKCUMUPYIOILETO
MHOTOIpaHHHKa, TIePEX0auM K mary 2. Eciiu e 11 Hee yKe eCTh OJIHA IMOAXOIsIIasi TOY-

Ka, IEPeX0/IUM K waey 3.
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—

a2 2. Ecnu npsivast ¢ x :[ciT & L He ObliIa paHee OTMEYeHa KaK CTOPOHA MHOTOTPaH-
HMKa, TO 3Ta IIpsiMas eif He spsercs. Ilepexonum k wazy 1, i =i+1.

Ilaz 3. Ecniu panee ist npsiMoid ¢ x :[cf 5] ObLTa HaiileHa O[HA BEPIIUHA, TO €CTh
9Ta MpsiMas SBJISIETCS CTOPOHOM annpoxchnpy}aomero MHOTOTpaHHHKA, epeceKaeM 3Ty
MIPSIMYIO ¢ CaMO¥ TIepBOM MopomIe el mpsmoii. Halinennas touka OyneT sSBIATHCS Bep-
LIMHOM HCKOMOTo MHOrorpanHuka. Konen anropurma.

Kak BuiHO B 3TOM alropuTMe, Mbl HE pelraeM Bce Cj JMHEWHBIX CHCTEM ypaBHEHHH,
Kak 3T0 ObUIO B [4] 1ake B caMOM ILIOXOM cityuae. [Ipu BEICOKOM 00beMe BbIOOpKH L Ciiy-
vaiiHoro Bektopa & HmKE HA IPUMEPAX YBUIMM, YTO CTOPOHAMH aIPOKCUMHPYFOLIETO
MHOTOTPAaHHMKA SIBIISIIOTCS MPAKTHYECKU BCE WIIM BCE TPsIMbIE, 3a/aol1e JTUHEeHHbIE orpa-

HuYeHHs. B Takom ClIydgac KOJIMIECTBO PEIIaCMbIX JIMHEWHBIX CUCTEM CTAaHOBHUTCS PpaBHO N.

OIIUCAHUE ITPOI'PAMMHOI'O KOMIIVIEKCA

PaccmoTtpum nHTEpdEiicHOE OKHO:
KommaectBo BekTOpoB
5 B unrepoeiice Tpedyercs ykaszarh cieayloree:
e KonnyectBo BEKTOPOB — KOJIUYECTBO CrEHEPH-

POBaHHBIX CIy4alHbIM 00pa3oM BEKTOPOB, W3

KOTOPBIX Oy/IE€T CTPOUTHCS SIAPO

VpoBeHb Ha/iexKHOCTH Ha orpeske [0; 1] e KoyM4ecTBO OrpaHHMYEHUN — KOJIMYECTBO CIY-
JalfHBIM 00pa30M CTe€HEPHPOBAHHBIX BEKTOPOB
pacrtipenenenust R(0, 27)

e  YpOBEHb HAJEC)KHOCTH — KBAHTHJIb I1OJTy4EHHON
BBIOOPKH BEKTOPOB

KomaecTBo orpaHnueHui

JleTepMUHHPOBaHHAS KOHCTaHTa

Jlorropuazroe pactipeexncine e JleTepMUHHPOBaHHAS KOHCTAHTA — MMOCTOSTHHAS
HopmansHoe paciipeneneHue
- BEJIMYUHA, UCTIONIb3yeMas npu pemtenun 3J1I1
aBHOMEPHOE€ pacIpeaeICHUue
Kyco4Hoe paBHOMEPHOE ° BBI60p OAHOTO U3 paCHpCZ[eJIeHI/Iﬁ
Pacnipezenete Komn e BBoj mapaMeTpoB pacnpeneneHus

5
HCTIOHCHITIATLHOE PACTPCACICHHE e DBeTTa M ONCHIIOH — BEIMYHHBI, UCTIOIb3YEMbIE

Pacnpeseneie Pores JUIsl pacuéra peKOMEHIyeMOTo 00beMa BEIOOPKH
Pacnpezenerne BeiiGyiia e Jlyck — KHOMKa 3amycka pacuéra
Tepserii mapaverp  Bropoi napaverp BbIBos1 mporpaMmBbl, a TakKe ONHCAHHE BHIBO-
- - JTUMBIX TI0JIel OyneT mpuBeneHo B «4. Pe3ynbpTaTs
paboTHI IPOTPaMMBI»
[Tpoananusupyem BpeMst pabOThI TIPOTPaMMBI.
Tak Kkak 1moJp30BaTeIb OYAET JKeslaTh MOJTYIUTh

Tamma pacnpeneneHue

Jlist paccyera 00beMa BEIGOPKH

Berra Oncunox
TOYHYIO alllIpOKCUMAIo, TO OH 6yIICT BBOIWUTH
0OJIBIIIOE KOJUYECTBO BCKTOPOB U OFpaHPI‘IeHI/Iﬁ.
PaCCMOTpI/IM Ta6JII/ILIy BpPEMEHHU TI'€HEpAlUN BEKTO-
Puc. 3.1. Oxno 6600a OanHvblx poOB " OFpaHI/I‘-IeHI/Iﬁ IIpU pa3HbIX 3a/JaBa€MbIX T1a-
07151 pabomol npocpammol pameTpax:
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Tabnmua 3.1
I'enepanust BeKTOPOB U OrpaHNYEeHUI
Koz1-Bo BekTOpoB Kos1-Bo orpannyenuii Bpems resepanuu (cex)

10* 100 0.28

10* 200 0.46

10* 300 0.6

10° 100 39

10° 200 67.57

10° 300 91.17

10° 100 496.17

10° 200 890.92

10° 300 1311.97

Omnwmpasich Ha pe3yNbTaThl, IPUBEICHABIC B TadmuIe 3.1, MOKHO CKa3aTk, 9TO 00a BBO-
JAUMBIX IMapaMeTpa 3HAYUMO BJIMAIOT Ha BPpEMsL pa6OTI)I. }lanee MbI CKaXXCM OIITHUMAJIbHBIC
napaMeTpsl I HoJly4eHHs pe3ysbTaTa. Ceiiuac CKakeM TOJIBKO TO, YTO KOJI-BO BEKTOPOB
JOJIKHO BapbUpOBaThCA OT 104 0 106 , TaK KaK IpU MCHBIINX 3HAYCHUAX OT6paC]:lBaeTCSI
CIIMIIKOM MHOTO IIPSIMBIX, @ IPH OOJBIIHMX BpeMst pabOThI IPOrPaMMBbI CITUIIKOM BEIIHKO.

Tenepp mpoBeneM aHaiU3 CIOXKHOCTU OTOpachiBaHHs MpsMbIX. [lo naHHOMY Imary
OBLTH TIPOAHANM3UPOBAHEI IBa BapHaHTa 0TOpOCa.

B nepBom BapuanTe Ham NOTpeOOBAIOCH MepedpaTh Bce TOUKH IIEPECeUeHNUs MPSIMBIX

NY(N-1)

!
(CnoxHOCTH O ")), ANl K&KAOH TOYKHM HEOOXOAMMO OBUIO PELIMTbH CHCTEMY

(cmoxHOCTS O( N?)), 2 3aTEM OTCOPTUPOBATH MOMyUYEHHBIE BEPIIMHEI (CI0KHOCTE O(N)).
Bo BTOpOM ciTy4ae MBI JTUIIE COPTUPYEM TIPSIMEIE (cTI0KHOCTH O(N)) ¥ HAXOIUM TOUKH
MPOXO/JIs TIO BCeM MPSAMBIM (CII0KHOCTE O(N)).
Tabnuia HIbKe TEMOHCTPUPYET Pa3HHILY B pabore:

Tabmuma 3.2
Haxo:xx1eHue BepIIMH MHOTOTPaAaHHMKA
Ko.-Bo Ko.a-Bo Bpems HaxoKAeHUs BEPIIMH
BEKTOpPOB orpaHuyeHuii | (0e3 COPTHPOBKHU NPSIMBIX / ¢ COPTHPOBKOI NPSIMBIX) (CEK)
10* 100 7.34/2.58
10* 200 41.04/16.76
10* 300 234.19/53.45
10° 100 6.32/2.04
10° 200 41.81/17.08
10° 300 240.75/52.14
10° 100 7.2/2.78
10° 200 42.89/16.95
10° 300 54.96 / 18.83

W3 Tabnunpl MOXKHO 3aMETHUTh, YTO KOJIMYECTBO BBEJICHHBIX BEKTOPOB HE BIIHMSET Ha
BpeMs OTOPACHIBaHMUS MPSIMBIX.
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Jnist KpaTKOCTH OMKCaHuUs BBEJEM 0003HAUCHUSI:
e [ — KkoiMyecTBO BEKTOPOB
e N — KOJIMYECTBO OrpaHrueHut N
PaccmoTpnM Teneps TabnmITy, B KOTOPO# MPHBEEHBI UTOTH PaObOTH KOHEYHOH MPOTrpaMMBbIL:

Tabmwuma 3.3
PesyabTar padoTsl
L N Bpems Bpems oTOpoca npsiMbIX 1 KoJ1-Bo BepuuH
reHepanuu (cex) HAXO0KIeHUs BEPLIUH (CeK) MHOTOrPaHHHKA
10* | 100 0.28 2.58 63
10* | 200 0.46 16.76 72
10* | 300 0.6 53.45 102
10° | 100 39 2.04 76
10° | 200 67.57 17.08 108
10° | 300 91.17 52.14 127
10° | 100 496.17 2.78 88
10° | 200 890.92 16.95 149
10° | 300 1311.97 54.96 189

Taxoke Henb3s1 HE 3aMETHUTh, YTO BPEMs IOCTPOSHHUS alllPOKCHMAIMH siJjpa BCEria Ba-
phupyetcs B ipenenax [5, 6] cexkyHn

OnTuManbHbIE TapaMeTPhI MOJIB30BATEh MOKET BEIOPATh TAKMM 00pa3oM: eciiu bosee
BA)KHO BpeMs pabOThI IPOrPaMMBI, TO CTOMT BeIOpaTh L=10° 1 N=250; ecru Goree BaxHa
TOYHOCTB, TO BEIOpaTh L=10° u N = 200.

PE3YJBTATBI PABOTbBI ITPOI'PAMMBbI

B pesymnbrate paboThl MBI MOJKEM YBUAETH clieaytomee: (cm. puc. 4.1)

OmnurremM BBIBOANMBIE KOJIOHKH.

[epBas KoOHKA — MOBTOPHBINA BBOJ JaHHBIX. OHA HEOOXO0MMa JUIsl H3MEHEHUsI BBE-
JICHHBIX TTapaMeTpPOB.

Bropas xononka — pe3yabTarsl petenus 3JII1 ¢ 7OMONTHUTENbHBIMU NaHHBIMHA. Omu-
LIEM HX:

Tabmuua — 3HaueHusd u, . , u, , u,

3HaueHHe 1eNeBor GYHKINHU — 3HaUeHHe mpu pacuére 3JII1

PacuetHoe 3HaueHue BeposiTHOCTH o MeToay Monte-Kapio

Crpoka, B KOTOPOI HAMMCAHO SIBJISETCS JIH PELICHUE ONTUMAIbHBIM

KonnyecTBo BEKTOPOB — BBEIEHHOE KOJHMUECTBO BEKTOPOB

KonuuecTBo BepIIMH MHOTOTPaHHUKA — KOJIMYECTBO BEPIIMH SIPa, MOIYIHUBIICECS B

pe3ynbTare 0TOpoca MPSIMBIX OTPAHUYCHUSMHE

Crenyromue Tpu CTPOKH OMUCHIBAIOT BPeMsl paOOTHI IPOTPaMMBI

N, Nr — onTuMaJibHbIE pa3Mepbl BBIOOPKH

TpeTbs KOJIOHKA 0TOOPaXKaeT HOCTPOSHHOE SIIPO
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)Y

KomuecTo BeKTOpoB

10000

Komauecrso orpaHuyeHHuit

400

VpogeHs HazexHOCTH Ha orpeske [0; 1] Pewerme 311
0.6 ul ul u2
0.0 0.43107 0.56893 | 024!
JleTepMHHHPOBAHHAS KOHCTAHTA = .
3mauenne nenosoi Gymxmun: 0.16798
L1
PaccueTroe 3HavEnHue BEPOSTHOCTH 110 METOLY
JIOTHOpMATTBHOE pacTIpe/iener e Monre-Kapuo: 0.6001 0.1+
O H
SRR JUkRpRaicia Pemenne sBasieTCH ONTHMATLHBIM
PabroMepHOe pacmpesenenue
Kycouroe paBHOMepHOE KoJi-Bo BeKTOpOB BhIGopKH: 10000 & 0.0
Pacnpesenenne Kot
Ko1-Bo Bepumuy MEOrorpammmKa: 52
DKCTIOHEHIMATEHOE PACTIpeieeH e
Tamma pacnpesenenne Bpems renepamuu BoiGopiu: 6.17 =0.1+4
Pacnpenenenne Ponest
Pacnpenenertie Befigymna Bpemsi 016poca npsiMbIX H HAXOKAEHHS
Touek: 91.95
Tepssili napamerp  Bropoi mapamerp =0.2 1
Bpems nocrpoennus stpa: 3.24
00 g 10
N =2030302824472; Nr = 541938592971
Jlns paccuera ofbema BhBGOpKH -0.3 = T T T T T
-0.3 —0.2 -0.1 0.0 0.1 0.2
berra Snewion €1

0.9 0.1
Puc. 4.1. Pesynomam pabomvi npoepammHo2o KOMNieKca

PaccMoTrpum ciydail paBHOMEPHOTO pacipe/iesieHusi KOMIIOHEHT BekTopa £ Ha OTpes-
ke (-1, 1), @ =0.9, xommuectBo orpanndeHuii N =50.

Ha puc. 4.2 u puc. 4.3 BUHO, 4TO C yBeJIMYEHHEM 00beMa BHIOOPKH L yBEINUMBACTCS
TOYHOCTP aIPOKCUMAIIMN XOTh M HECHJIBHO, W PE3YNIbTAT CXOIUTCS K aHAJUTHICCKOMY pe-
3ynbTary. Ecim Obl B pa3paboTaHHOl mporpamme Obliia BO3MOXKHOCTh HaCTpanBaTh pacrpeie-
JICHUE Ka)KJ0 KOMITIOHCHTHI BEKTOpa & OTIEIBHO, TO CX0XKECTh (DOPM B CITy4ac pABHOMEPHOTO
pacrpezienieHusi KOMIIOHEHT aHATUTHYECKH TIOCTPOSHHOTO alPOKCUMUPYIOIIET0 MHOTOT PaH-
HUKA ¥ TIOCTPOCHHOTO Ha OCHOBE BEIOOPOYHOI OIICHKH ObITa OBl 3aMETHA Ky/1a OOJIBIIIC.

1.5 o 1.5 7
1.0 1.0
0.5 0.5 -
0.0 o 0.0+
—0.5 —0.5 4
-1.0 1 -1.01

-1.54 : : - 3 3 - -1.51 ] I ! I !
-15 -10 -05 0.0 0.5 1.0 1.5 -15 -1.0 -05 0.0 0.5 1.0
€1 E1

Puc. 4.3 Pe3ynomam annpoxcumayuu 015
pasHomeprozo pacnpedenenus, L=10°

Puc. 4.2 Pe3ynomam annpoxkcumayuu
o pasnomeprozo pacnpedenenus, L =10*
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Tenepb NOCTPOUMIIPOKCUMALIMHU AJII HOPMAJILHOIO pacnpezeneHus N (0,1) KOMIIO-
HeHT Bektopa &, a = 0.9, konndecTBo orpanuueHuii N =50.
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Kak BumnO Ha puc. 4.4 u puc. 4.5 pe3ynbTaT TaK ke, Kak U B CIy4ae ¢ paBHOMEPHBIM
pacripeeneHieM, Bce 00JIbIe CTAHOBUTCS TIOXOK Ha IOJTyYSHHBIH aHATUTHYECKH C YBEIIN-
yeHneM o00bemMa BBIOOpKH L . J[axke HEpOBHOCTH ()OPMBI M3-3a CITyIaliHON IPHPOJIBI BEKTO-
POB ¢, CrIaXHUBaeTCA U CXOAUTCSA C POBHOMY KPYTY.

Pesynbrar mst pactipenenennst Komy oTiimgyaeTcs 1Mo CBOEMYy XapakTepy OT pe3yiibTa-
TOB, IOJTYYEHHBIX JUIS1 PABHOMEPHOT'0 U HOPMAJILHOTO paclipeeneHnii. bpuio ucnons3oBano
cTaHmapTHOE pactpenenenne Komm ast o0enx kommoneHT BekTopa £, a =0.9, N =100.
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MaluH, U pe3ysIbTaT CXOAUTCA K NOJyYEHHOMY aHAIUTHYECKOMY.
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HEHT BekTopa & CXOXKa 110 CBOEMY XapaKTepy C anfpoKCHUMAalUei /Ui paBHOMEPHOTO U
HOPMaJIBHOTO pacnpenesieHuid. J{iIsi TocTpoeHns] MHOTOTPAHHUKOB OBIITM MCIOJIb30BaHBI
LogN(1) u E(1), a=0.9, xonuuectBo orpanndenmii N =50.
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W3 moyueHHBIX pe3yIbTaTOB BUIHA MPABMIBHOCTH PabOTHI QJITOPUTMA, A TAKKE M-
MTUPUYECKUM CIIOCOOOM ObUIA JOKa3aHa CXOAMMOCTb T'YCTOW CETKH BEKTOPOB CANHUYHOM
HOPMaJI K UCTUHHBIM ¢ -siipaM. CTOUT OTMETUTD, UTO ¢ HE BapbUPOBAJIACh 110 IPUUNHE
TOTO, YTO OHA BIIMSET TOJIBKO HA pasMep « -sA7pa, a He Ha ero GopMy (MEHSETCS TOJIBKO
JUISl PABHOMEPHOT'O PaclpeieICHUs!).

Hwke mpuBeeHbl pe3ysbTaThl peleHusT UCX0HOH 3agaun ast b=1.1, N=50, (o0bem
BBIOOPKY OBLT B3AT HEOOJIBLINM, YTOOBI YMEHBLINTH BpeMs pabOThI IPOrpaMMBbl), KOMIIO-
HeHTHI BekTopa & pacrpe/iesieHbl paBHOMEpHO Ha (-1,1). OTBETOM Ha MOCTABIEHHYO 3a-
Jlauy sIBIISICTCS] BEKTOP CTPATErui u .
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BekTOp & pacrpeeneH paBHOMEPHO Ha KBaJpaTe, M TakK KaK ¢ -sAPO C POCTOM ' yBENH-
YHBAeTCs], @ KBA/IpaT, HA KOTOPOM PacIipe/iesieH BEeKTop &, HeT, MojTydaeTcs Takas opma.

3AKVIIOYEHHUE

B pesynbraTe mpojenaHHONH paboTHI pa3paboTaHa IporpaMma Jyisi PElICHUs 3aJadd

KBaHTHJIBHOW ONITUMM3AIMH ¢ OMIIMHEHHO (DYHKIMEH NoTeph C 3a1aHHBIM paclpe/ieiICHu-
€M CIIyJalHBIX HapaMeTpPOB MPH MOMOIIN TTOCTPOCHUS aNIPOKCUMAINHN SIIpa Pa3InIHON
TOYHOCTH.

B nporpamme uMeroTcs clIeayOMne N3MEHIEMbIE MT0Ib30BATEIEM NapaMETPhI:
KonuuectBo BEKTOPOB;

KonunuecTBo orpannyeHuii;

YpoBeHb HAIEKHOCTH;

3HaveHNe AeTCPMUHIPOBAHHOW KOHCTAHTBI,

Pacnpenenenue;

ITapameTpsl pacpeieneHus;

[TapameTps! pacuéTa ONTUMAIBHOTO YUCIIA BEKTOPOB M OTPAHUYEHUI.

Pe3ynbpTaThl MHOTOUHCIICHHBIX PACUYETOB JUIS PA3IMYHBIX PACHPEICICHUN CBUACTEIb-

CTBYIOT O KOHKYPEHTOCIIOCOOHOCTH HCIIOJIb3yEMOT'0 CTATUCTHYECKOTO alrOPUTMa aIpOK-
CHUMAIIUH -A7pa 10 CPAaBHEHHUIO C anroputMamu [4,6].
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ITpoBeneHO HCCIeN0BAHNE HMEIOIIUXCS II0X00B K HOCTPOCHHUIO 00pa30BaTEIbHBIX
cpen it 00yueHHs nporpaMMupoBanuio. [IpoaHanu3upoBaHbl X OCHOBHBIC HENO0-
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ThI U TIOCTPOCHHS B3aUMOCBs3€il KOMIIOHEHTOB I1aTdopMsl. [IposeMOHCTPHPOBaHEI
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BBEJIEHUE

Bomnpoc pa3paboTkn u BHEAPEHHUS CIICIUAIN3UPOBAHHBIX MPOTPAMMHBIX CPEICTB IS
00yd4eHMs TIPOrpaMMHUPOBAHHIO aKTyalleH ¢ KOoHIa XX BeKa, ¢ MOMEHTa BHEAPCHUS MPO-
IpPaMMHUPOBAHUSI B YaCTHOCTH M MH(MOPMATHKH B LIEJIOM KaK AWMCIMIUIMHBI, ITpenojaBac-
MOH B y4eOHBIX 3aBE/ICHUSIX Pa3HOTO YPOBHS — B IIKOJIAX, KOJUIE/KAX, BBICIINX U APYTUX
y4eOHBIX 3aBeACHUAX. Takwme cpencTBa CTaBST CBOEH 3adaueil peasn3oBaTh HAJICKHYIO
C TOYKH 3peHHs MHPOPMAIIMOHHON OE30IaCHOCTH Cpeiy, IPH HCIIOIb30BAaHUU KOTOPOH
00ydJaromuiics MCIONB3yeT SI3BIK MPOrPaMMHUPOBAaHUS (KaK MPABUIJIO, C OrPaHUYCHHBIM
TIOJIMHOKECTBOM JIOCTYITHBIX OINEpaTopoB M (PYHKIMI M3 HEKOTOPOTO PEaNLHOTO SI3BIKA)
JUISL BO3/ICHCTBYSI HAa BBIYMCIUTENILHYIO CPEy M JIOCTHDKEHHUS 3aJaHHOTO Pe3yJIbTaTa, TeM
caMbIM 3aKpeIuisisi HeOOXO0JMMbIE 3HAHUS O MTPOIIECCE MPOrPAaMMUPOBAHUS U TIPAKTHUKE €r0
MIPUMEHEHHS Ha 33/1a4ax, MPHOIMKEHHBIX K PEabHbIM.

CymiecTByIOT 1Ba HanOoJee 4acTo HMCIOIB3YEeMBIX IMOAX0Aa K pa3padoTKe MOJOOHBIX
oOy4atomux cpeacts. OMH M3 HUX OCHOBAaH Ha CO3JaHWH psijia IPEAbSIBISICMBIX 3aJaHUMH,
0(opMITCHHBIX B BHJIC YPOBHEH € IMHEHHO PACTYIIEH CII0KHOCTHIO. Kak mpaBwio, AeHCTBHS
Ha K&KI0M M3 TaKUX YPOBHEH 3apaHee OrpaHHueHbI HEKOTOPBIM HaOOPOM BO3MOJKHBIX OIle-
pauuii, 4ToOBI YIIPOCTHUTH 3aa4y odecreueHns: HHPOPMAIMOHHOM O€301aCHOCTH U Ha/IeK-
HocTH oOyuarorei cpensl. [Ipumepom Takoii cpensl siBisiercs urpa «Koasapac» [1].

Bropoii moaxos moxpasymMeBaeT TeHepupyeMblii CBOOOTHBIN MUp (TakKe MMEHYEMBbIH
«TecOYHHIIEH», aHTII. “sandbox”), B KOTOPOM 0OYYAIOIIHIACS TIOCTENICHHO PACIIHPSIET KPYT
CBOMX BO3MOKHOCTEH B3aMMOJICHCTBHS C MHPOM 3a CUET PEIICHHs Bce 0oJiee CIIOKHBIX
3aga4. Ha ¢uHansHOM sTame oOydaromeMycsi TOCTYIEH MaKCUMAaJIbHO HMIMPOKUHA CIEKTp
BO3MOXHOCTEH JUISI PELICHUS CaMO CJIOKHOM 3aa4u MO0 KOHEUHAs 1IeJTb 3aJaeTCs uepes
KOMIUIEKCHYIO COBOKYITHOCTH PEIICHHs psiaa 6osee mMpocThixX 3agad. TakuM oOpa3om, MUP
Ha MPOTrPaMMHOM YPOBHE OOECIIeUMBACT IOJIHBII HA0Op BO3MOKHBIX OIEpaLlUil HaJ HUM
C CaMoro Hayvajla B3auMOJICHCTBUS M B3aMMOCBS3aHHbIC 334l PA3HOTO YPOBHSI CIIOXKHO-
CTH, HO OHH 3aKPBITHI JIJIsl y4aCTHHKA 00pa30BaTeIbHOTO IIPOIIecca 10 TeX Mop, TI0Ka OH He
Pa30IOKUPYET JAOCTYIT K HUM Yepe3 pelIeHre 33/1a4 COOTBETCTBYIOIIETO YPOBHS CII0KHO-
ctu. [Ipumepom takoii mnardopmsl siBisercs urpa «CoLoBot» [2].

U B TOM, U B IpyTrOM citydae IOCTpOeHHE 00yJaroIeif cpe/sl ¢ oOecredeHueM BCeX Mep
WH(POPMAIMOHHON 0€30MTaCHOCTH, pa3paboTKa TPaHCIATOPA I MPEIOCTABISIEMOTO MOJTh-
30BaTeIIO MOJMHOKECTBA SI3bIKA IPOTPAaMMHUPOBAHUS, CO3/IaHNE U OIH(POBKa CIIeHapHEB
1 TpadUIEecKuX IJIEMEHTOB IIPEACTaBIseT cO00H HaOOp JOCTATOYHO TPYJOEMKHX 33/1ad
C BBICOKMM YPOBHEM CJIO)KHOCTH MX pa3pabOTKH Kak IO OTAEIbHOCTH, TaK U B Ka4eCTBE
B3aUMOCBSI3aHHBIX KOMIIOHEHTOB B COCTaBe 00y4alolIero KOMILUIEKCa, M03TOMY 3a4acTyI0
B TAKHMX CPEJCTBAX 00Yy4EHHs HET dJIEMEHTa KOMaH/THOTO B3aUMOCHCTBHUS, KOTOPBIH BHO-
CHT CBOM BEC B KAXIyIO COCTaBIISIONLYIO KPUTEPHS CII0KHOCTH pa3paboTku. Tem He MeHee,
MTOCTICTHUE TIPOPBIBEI B 00JIACTH TITyOWHHOTO 00ydeHUs [3] MO3BOISIOT aKTyaIn3upPOBaTh
BOIIPOC pa3pabOTKM TaKOW CpeJibl, MPEICTABIIoONEeN co00il nndpoByto miarhopmy s
00y4eHUsI TPOTPaMMHPOBAHHIO ¢ QYHKIHEH (OPMUPOBAHUS HABBIKOB KOMaHTHOI pabOTHI.
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Kpome Toro, 3auacrtyo 3a1aHus1, PEACTaBICHHBIE B TOI00HBIX IUIATGOPMax, CTPOSTCS
10 TIPUHITAITY THHEWHOTO YBEIMYCHHS CIIOKHOCTH 0€3 ydeTa pearbHBIX CIOCOOHOCTEH 00-
YUAIOIIErocs: PEAIOoIaraeTcs 4YTo, €CI1 M0JIb30BaTENb IUIAT(OPMBI ITPOILIEI OoJIee JIETKoe
3aJjaHue, OH TOTOB K CIEYIOIIEMY MOCTYMaTelIbHO MPETbIBISIEMOMY CIIOKHOMY, YTO HE
Bcerja BepHo. Bo3HnKkaeT He0OXOJMMOCTh B IPUMEHEHUH aJIAaIITUBHOTO TI0/1X0/1a K MPe/Ib-
SIBIICHUIO 3aaHUi. MeXaHu3M, peamu3yoni TakoH MoIX0d, OBUT MPOAEMOHCTPHPOBAH
B TpEHa)Kepe JUIs OTIepaTOPOB CIIOKHBIX cucTeM [4, 5], oHaKO OH OBbUT OPUEHTHPOBAH Ha
TIPEABSBICHAE 33aHUM Pa3IMYHOTO YPOBHS CIOXKHOCTH 0€3 ydeTa XapakTepa OIIHOOK,
JIONYIIEHHBIX OrepaTopoM. B nanHol paboTe HEOOXOAMMO MPEOI0NIETh STO OTPAaHUYECHUE
JITOPUTMA, TIOCKOJIBKY UTHOPHUPOBAHUE XapaKTepa OMHNOKN HE MO3BOJSIET 00yJaromeMy-
sl IPOpadOTaTh COOTBETCTBYIOIINE Pa3/ICibl AUCIMIUINHBI, CBSI3aHHBIE C HUMH HaBBIKH 1
KOMITETECHIINH, YTO BEJIET K HEKaUeCTBEHHOMY YPOBHIO MOHUMaHHA (pyH/TaMEHTAIbHBIX T10-
HSTHH TUCIUILIMHBI M 00pa30BaTeIbHOTO MPOIIECCa B IIEJIOM.

Lens naHHOM PabOTHI — MCCIEAOBATH UMEIOIMINECS MOAXO0IbI K TIOCTPOSHUIO 00pa3oBa-
TEJILHBIX CpeJl Ul 00Y4eHHs MPOrpaMMHUPOBAHUIO, BBISBICHHE X HEJIOCTATKOB M Tpe.-
JIO)KEHHUE COOCTBEHHOTO PEIICHNS, O3BOJISIONIETO HUBEINPOBATh WM CTIIAANTh BBISIBIICH-
HBIE HEJIOCTATKH.

AKTyaJbHOCTh MaTepuaa, MpeACTaBICHHOTO B JAHHON CTaThe, 00YCIIOBIEHA HE TOJb-
KO BOCTPEOOBAHHOCTBIO PELICHUs /ISl TIOCTaBJICHHOW 3aJjauk, HO M Npe/JlaraeMbIMHU CIIO-
co0aMH TPaKTHIECKOW peaTn3aliy JTOTMOJHUTEIBHBIX BO3MOXKHOCTEH, BOCTPEOOBAHHBIX
B 00pa3oBaresibHOM cdepe, TAKUX KaK aJJalTHBHOCTh NPEIbSIBISIEMbIX 3alaHUi U (POPMH-
pOBaHNE HaBBEIKOB KOMaHTHON paOOTHl Y 00yUarOIINXCS.

OB30P NONWIAPHBIX ITOAXOA0B K PEAJIM3AIINHN
CPEJDBI VIS OBYYEHUSA ITPOT'PAMMUPOBAHUIO

[Tpumenenne nuppoBbIX 00YYAIOIIUX TEXHOJIOTHH — OJIMH U3 aKTYyaJbHBIX MOJIXOJI0B
K BEJICHHIO 00pa30BaTEIbHOTO ITIpoIiecca, KOTOPBI MPUHUMAET HOBBIE (JOPMBI B CBSI3H
C pa3BUTHEM IPOTrPaMMHO-ANIAPATHBIX CPEJCTB U HOBEUIINX CTaHAAPTOB BEO-TEXHOJIO-
ruid. [TosiBieHNEe COBpEMEHHBIX CHCTEM YINPABICHUS KypcaMi, Kak KOMMEPUYECKHX, TaK H
cBoboaHbIX (Moodle [6], edX [7], Chamilo [8] u ap.), a Takke CpEACTB IMPOBEICHHS Te-
crupoBanus (FlexiQuiz [9], ClassMarker [10], koMITIeKC TporpaMMHBIX TPOYKTOB KOM-
nanuu Pesofts [11]) nmo3Bossier peasinzoBaTh rHOKOe OKPY)KEHHE JIJIs BEACHHS MIPEro/iaBa-
TEJILCKOH JIEATENTbHOCTH U OLICHKH YPOBHS 3HAHWH CTY/ICHTOB B PA3IMYHBIX cepax, TaKuX,
KaK MaTeMaTHKa WM 'yMaHUTaAPHbIC HAyKH.

OnHako mepedrciIeHHbIe CPEICTBA HE YUNTHIBAIOT CHENU(BHUKY O0YUIEHHS TPOTPAMMHU-
POBaHHIO, KOTOPOE MPEACTABIIACT CO00H criennpUIecKuil porecc U TpedyeT onpeaesicH-
HBIX TEXHOJIOTHH, 00ECIIEUYNBAIOIINX OLIEHKY Ka4eCTBa IIPOrpaMMHOT0 Koja. OcoOeHHOCTD
TaKOro pojia MPOrpaMMHOro o0ecrieueH s 3aKIF0YaeTCsl B IPEICTAaBICHUN B3aHMOCBSI3aH-
HBIX 3aJIJaHNi B UTPOBOI (opMe, MPU3BAHHOM MPOOYANTH HHTEpeC K 00ydeHuto, u Gopme
OTBETa, NPEJICTABISIIONICH COO0H CBOOOAHBINH MPOTrPaMMHBIN KOJI, KOTOPBIi BBIMOIHSIETCS
B 0€3011acHOM JUIsl BEIYMCIUTEILHON CHCTEMBI CpeZie, AaBTOMAaTHUECKH IIPOBEPSIETCS Ha KOp-
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PEKTHOCTb U IIO3BOJIAET JOCTUYb IIOCTABIECHHOM B 3a/1a4e LIeJIX MHOXKECTBOM CIIOCO00B 0e3
HE0OXOJMMOCTH BBIOOpa KOHKPETHOT'O OTBETA WITH TPYIIIBI OTBETOB (B OTJIMYHE OT KIIaCCHU-
YeCKOro MOAX0/1a K TECTUPOBAHHUIO).

Hanee OymyT KpaTKO PaccCMOTpEHBbI HauOojee H3BECTHbIE U BOCTPEOOBAHHBIE MPO-
IpaMMHBIC NPOIYKTHI, CHEHHATU3UPYIONIHEcS Ha 00Y4YeHHH MMPOrpaMMHPOBAHHIO C y4e-
TOM 0COOEHHOCTEH mporiecca 00yJIeHusI.

SberCraft

SberCraft — mmatdopma, BBRIYIICHHAS TPyNIIoH KoMmrmaHui «COep» TpH TOAIepKKe
rkommnanun «Gecko» [12]. [Ipencrasinsier coboii urpy B xxanpe RPG ¢ auHeHHbIM croxeToMm,
B KOTOPOH Ha OCHOBE psijia MapaMeTpoB (S3bIKa IPOrpaMMHUPOBAHMS, YPOBHSI KOMMepUe-
CKOTO OmbITa U T.7.). Llens — popMupoBanme KomreTeHINH, HEOOXOAUMBIX TPYIIIE KOM-
nauuii «Coep» 11 prueMa Ha paboTy, a TAKXKe MPeIBAPUTEIbHAS OLICHKA KBATH(DUKAIIUT
KaH/IMaTOB nepes cobeceoBaHneM. MOKeT UCII0NIb30BaThCs B KAYECTBE TpEeHaXKepa JUIs
TIPOTPaMMHUCTOB.

Cpeny CHIBHBIX CTOPOH MOYKHO OTMETHTh KPACHBYIO PEaM3alHIO, YUHUTHIBAIOIIYIO
LIEJICBYIO ayIUTOPHIO, a TaKKe HETPUBUAIIBHBIE 33/1a4/ C OTPAaHUYEHHEM I10 BPEMEHHU HX
BBINOJIHEHUS, OoraTast MajuTpa sI3BIKOB (HAa MOMEHT HAIMCAHMS CTAThH MOJICPKUBAIOTCS
12 93BIKOB IPOTPaMMHUPOBAHHUSA).

WHnuBuyansHbI HEAOCTATOK: IUIAaT(opMa 3aToUYeHa 110/l PEKPYTHHT U CIIY)KHUT UHTE-
pecaM KOHKPETHBIX KOMITaHHH.

Henocrarku, obuiye yisi BCeX MPOrpaMMHBIX MPOJIYKTOB, CHEHUATH3UPYIOIIUXCS Ha
00y4eHHH IPOrpaMMHUPOBaHHIO, OyIyT IPUBEAEHBI HIXKE B pasjene 2.

KoaBapac

KonBapac — onnaiH-tuiatdopma st 00ydeHHs JIeTeil OCHOBaM IPOrpaMMHUPOBaHUS
B urpoBoii popme. Pazpaborana kommanueit «Redmadrobot» [13] ¢ mpuBieueHnem crenu-
aJMCTOB — JAETCKUX IEaroroB, rncuxosoros, cnenuaiuctoB UT-unaycrpun. [pencrapis-
eT co0oil Urpy B JIByMEpHOM MPOCTPAHCTBE, B KOTOPOI areHT (poOOT) pemiaer 3aiadqd,
BBITIOJTHSIST KOMAH/Ibl YIIPOILEHHOTO BBIMBIIUICHHOTO S3bIKa MPOrPaMMHUpPOBaHMS. YdacT-
HUK JINHEHHO NEePEeXOUT C YPOBHS Ha yPOBEHb, IIOCTYNATEIbHO YBSIHMUUBAs CIIOKHOCTD U
OCBaMBasi HOBBIC KOHLIEIIIIUY ITPOrPaMMHUPOBAHUSL.

Cpeu CHITbHBIX CTOPOH MO’KHO OTMETHTH BBICOKOE KaueCTBO IpadMKi, HHTYUTUBHBIN HH-
Tepeiic, HOICKa3KH, IUPOKHIT OXBAT MaTepHala, B TOM YUCIIE, OCHOB OOBEKTHO-OPUEHTHPO-
BaHHOM MapaurMel IporpaMmupoBanys. [IpeacTaBieHsl 3a/1a4m Ha TIOUCK OIIMOOK B KOJIE.

VHauBuyansHbIA HEJOCTATOK: TIATGOPMa U e COIeP)KUMOE OPHEHTUPOBAHEI HA y4e-
HHMKOB MJIQJILIEH IIIKOJIBL.

CodinGame

Omnnaita-utatdopma, pazpabotanHas ogHonMeHHOH kommanuer, «CodinGame» mpen-
jlaraet Habop pa3MUHBIX COPEBHOBAHUI, HAIICJICHHBIX Ha COBEPILICHCTBOBAHUE HABBIKOB
MIPOrpaMMHPOBAHUS JUIsl BCEX YPOBHEH, BKIIIOUAs OMBITHBIX MPOrpaMMuCTOB [14]. MoxHO
OXapaKTepU30BaTh KaK COOPHHUK CTpAaTErMii B PEaIbHOM BPEMEHHM C Ka4eCTBEHHOH Tpex-
MepHOH rpaduKoi, rae Juls peleHns] NOCTaBICHHbBIX 33a]ja4 HE0OX0MMMO MHCaTh KO JUIs
areHTa-NCIOJIHUTEINS Ha PEAIbHOM S3bIKE MPOrPaMMUPOBAHUSL.
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CWIIBHBIX CTOPOH MHOTO, B MX YHCJIE MIUPOKas MaJIuTpa PEaIbHBIX S3BIKOB TPOTPAMMHU-
POBaHUs, MHOKECTBO MPEAJIAraeMbIX TEM, OT MPOCTEHIINX (HApUMEp, LUKJIIBI U YCIOBUSA)
JIO CJIO’KHBIX, OPUEHTHPOBAHHBIX Ha OMBITHBIX POTPAMMHUCTOB (HAaIIpUMep, 3a4a4H Ha OIl-
TUMM3AIHIIO 1 MHOTOAreHTHBIE cucTeMbl). CyliecTByeT COOCTBEHHAs CHCTeMa pEKPYTHHTa,
TTO3BOJISTIIONIAsT KOMIIAHUSAM OTOMpaTh CaMBIX MEPCIEKTUBHBIX MporpamMmuctoB [15]. Co-
JepKUMOe TIaT(HOPMBI IOCTOSHHO TOMOTHACTCS HOBBIMU 3aaHUSMH.

WnauBuayanbHBI HEIOCTATOK: MPEICTABISsIET o000 HaOOp pa3po3HEHHBIX HE3aBUCH-
MBIX 33/IaHUH, HE MTO3BOJIAIONINX YIeCTh OCOOCHHOCTH Y4eOHOW TPASKTOPHH JIUIIA, TIPOXO0-
JSIIIEro 00yJeHue.

CoLoBot

CoLoBot — (Colonize With Bots) — urpa 2001 roma, mpoxoasiiast B JaHHBI MOMEHT
npouecc pemacrepunra [16] (mepemsnanus ¢ y4eToM TpeOOBAaHWN K COBPEMEHHBIM ITPO-
IPaMMHBIM TIPOAYKTaM). DTO y4deOHas CTpaTerusi B peajbHOM BpPEMEHH JUISi M3Y4EHHs
MIPOrpaMMHPOBAHNS, BKIIOUAIONIasi B ce0s MUCCHHU 10 KOJIOHW3AIMU PA3JIMYHBIX IUIaHET
C IOMOUIBIO POOOTOB, YIPABISIEMBIX TPOrPAMMaMH Ha BBIMBIIIIIEHHOM $SI3bIKE POTPAMMHU-
poBaHus, OIM3KOM MO CUHTaKcucy Kk C++.

CuitbHBIC CTOPOHBI MPOEKTA: CBOOOIHBIN TPEXMEPHBIH MHp, BO3MOKHOCTH CO3/aBaTh
COOCTBEHHBIE KapThI (CLIECHAPHUHU UTPHI), HHTEPECHBIC MUCCHH (C €IMHON CIO’KETHOMN JIMHUECH).

WHauBuayanbHble HEJOCTATKU: TPOEKT CEPbE3HO YCTapell, a MpeIBapUTEIbHBIN pen3
COBPEMEHHOTO TIeper3IaHnsl BEITOIHEH B (heBpare 2019 roma (To ecTh HA MOMEHT HaTHCa-
HUS CTaThH MPOILIO Oombine 1,5 eT ¢ MOMEHTa MOC/IETHETO MPEIBAPUTEIBHOTO U3/IaHNS,
pa3paboTKa HIeT JOCTaTOYHO MEIIeHHO, mociennss Bepeus — 0.1.12). TIpoaykT opueHTH-
pPOBaH Ha MOAPOCTKOB, MHTEPECYIONIMXCS MporpaMMupoBaHieM. OrpaHudeHus Ha 00beM
BXOJIHOTO KO/Ia HE TI03BOJISTIOT MCIIOIb30BaTh CEPhE3HbIE BO3MOKHOCTH PO PAMMHUPOBAHNS,
HanpHuMep, IPUMEHEHUE TEXHOIOTUH NCKYCCTBEHHOr0 uHTeIeKra. Mrpa npegycMaTpuBaeTt
PEXKHM, B KOTOPOM MOXKET OBITH ITpoiiieHa 1 0e3 MpUMEHEHHs HaBBIKOB IPOrPaMMUPOBAHHSI.

KJIFOYEBBIE HEJJOCTATKH
PACCMOTPEHHBIX I1IOAXO/10B

YV paccMOTpPEHHBIX MPOEKTOB €CTh PAJl CYLIECTBEHHBIX HEAOCTATKOB, KOTOPHIE BasKHO
YCTpaHuTh it 6osee 3PPEKTUBHOTO MPUMEHEHHUS M Pa3BUTHS 00pa30BaTENIbHBIX TIIAT-
¢dbopM [Tt 00yUCHHSI TPOrPaMMHPOBAHUIO.

Bo-niepBrix, oprieHTHp Ha 6a3y roTOBBIX 3a1aHuil. Korna 3aganust He reHepUpYOTCs 1
HE MOIU(DHUIUPYIOTCS, CTAHOBATCS MEHEE 3HAYMMBIMA TIPEUMYIIIECTBA CPEJIbI LIS HAITHCA-
HUS IPOU3BOJIBHOTO KOJIa, TOCKOJBKY TMOSIBISIETCS BO3MOKHOCTD UCTIOIB30BAThH TYIKOM KOJI
y Ipyroro y4acTHHUKA (HalIpHMEp, CTYICHTa CTAPIIIX KYPCOB), TO €CTh TAKOH JKE «TOTOBBIN
OTBET», KaK U B CJIy4ae TECTUPOBAHUSI.

Bo-BTOpEIX, THHEHHOCTH Pa3BUTHUS MIEPCOHAKA, C KOTOPBIM acCOLMUPYET ceOst 00yda-
roummiica. CHavana MpexbsaBIAIOTCS HauOoJiee MPOCThIE 3a7ayH, 3aTeM — CIoXKHbIC. [Ipu
9TOM HEOOXOIUMO MPONTH MPEABABIACMYIO 3aady TEKYIIETO YPOBHS CIIOKHOCTH, YTOOBI
BEIMTH Ha CIIEAYIOMHAN. DTO, C OTHOW CTOPOHBI, MPUBOIUT K CHIDKCHHIO YPOBHS BOBIICUCH-
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HOCTH M MHTepeca y 0oJiee OMBITHBIX YYaCTHUKOB Ha HAYaIBLHOM JTaIre, a TAaKXKe CO3/1aeT
PHCK «JIOBYIIIKMY, KOT/Ia YIaCTHUK HE MOJKET ITPOUTH OoJiee CII0KHOE 3a/laHNe U TTPOIBHU-
HYTBCSI BIIEPE/I, YTO MOMKET MPUBECTHU K «BBITOPAHHIOY». BBIIO ObI MOJIE3HO B TAKUX CIYYasK
MIPEAYCMOTPETh a/IalITUBHBIC YIPAXKHEHMUS, KOTOPBIE TIO3BOJIMIH OBl ITPEOJI0JIETh «Pa3pPhIBY
MEXY YPOBHSIMH: IIPOAHAIM3UPOBATh HEBEPHBIC PEIICHHS yYacTHHKA U 0TPaboTaTh KOH-
KPETHBIC CUTYAINH, BBI3BIBAIOIIIE CIOXKHOCTh (Jlajiee ATOT IPHHIIHII JUTSI KPaTKOCTH OyeT
Ha3bIBATHCS «MUKPOATANTUBHOCTHY).

B-TpeTBI/IX, MIPEUMYIIECTBEHHO HH]IHBHJIyaHBHBIﬁ MOAXO0/ B OILICHKE YPOBHA IMOATOTOB-
K1, OTCYTCTBHUE 3aJ]ad KOJUICKTUBHOI'O THIIAa C OPMEHTAlMEeH Ha Pa3BUTHE HABBIKOB PAOOTHI
B KOMaH/I€, YTO 0COOEHHO BayKHO /IS JITOOOTO COBpEeMEHHOT 0 crienanicta B I T-naycTpum.

B-4eTBepThHIX, ceTeBBIC TMPOEKTHI TPeOYIOT OONBIINX 3aTpaT Ha OE30MaCHOCTH, YTOOBI
I/I36e)KaTb KYTCUKN» Oanka JaHHBIX WX HEXEIIATCIIbHOI'O USMCHCHUA XPaHUIIUIA JTaHHBIX
C pe3ysbTataMy paboThl y4acTHUKOB. J{i1st paboThI B ayINTOPUH €CTh BOBMOXKHOCTH CYIIe-
CTBEHHO YIPOCTHThH apXUTEKTYpy 0€3 CHIKECHUS YPOBHS O€30I1aCHOCTH, YTO, B CBOIO OYe-
pelib, TO3BOJISIET YCIUTh BPEMsI M IPYTHe Pecypchl Ha pa3paboTKy OoJjiee MONe3HbIX JJie-
MEHTOB Tu1aT(opmbl, HarpuMep, GyHKIUI HOPMHUPOBAHUS HABBIKOB KOMaHIHOW pabOTHI.

B-1sThIX, B TUCTAaHIMOHHBIX MIaTopMax o0y4eHHs OTCYTCTBYET OYHOE B3aUMOJICH-
CTBHE C IIpernojaBaTesieM. YJOOHOE MEPEeHOCHMOE apXWUTEKTYpHOE pElIeHHUE, JOIyCKa-
olIee JIOKAILHOE Pa3BePThIBAHHE IIATPOPMBI, MO3BOJIUIO ObI HE TOJBKO OTCIICKHUBATH
(haxThl MOIICHHUYCCTBA U 3JI0YIOTPEOICHHUS 11aT(HOPMON CO CTOPOHBI CTYJCHTOB, HO H,
10 YCMOTPEHUIO MTPENOoAaBaTeIsl, I0MyCKaTh €ro Y4acTHE U COBETHI 110 PEIICHHIO KOHKPET-
HOTO y4acTka 3a1auu. [Ipn aToM, Ipy HEOOXOIMMOCTH, ITPOTPAMMHAs apXUTEKTypa ILIaT-
(hopMBI J0TTyCKaeT BO3MOXKHOCTh MEPEBOIA COCTOSIHUS CPE/Ibl B MCTAHI[HOHHBINA PEXKUM.

B-H_IeCTBIX, CTaTUYHBIC 3aJaHUsA HEC TOJBKO YBCIMYUBAIOT BEPOATHOCTH CIIHMCHBIBAHUA,
HO U HE MO3BOJISIIOT MOCTPOUTH CUCTEMY, KOTOpasl alallTUBHO T0/10Mpajia Obl TPACKTOPHIO
3aJa4 ¥ ¢ y4eTOM YpPOBHSI KOHKPETHOTO OOYYalOIEerocss MHIMUBH/IA, U C YYETOM YPOBHS
rpymmbl B rienioM. Toraa kak npaBuiibHO 00yUYeHHAs! MOJISTh MAITHHOTO O0YUYCHUS MOYKET
0o0JIe€ TOHKO MOJAOTHATh AMHAMHWYCCKU U3MCHACMBIC IMMapaMETPbl HA OCHOBE CTATUCTUYC-
CKUX JaHHBIX 00 ycrexax KOHKPETHOI'O CTYJICHTa, CJIeIaB MEePEeX0/l MEXAy YPOBHIMHU Ha-
BBIKOB MEHEE INCKPETHBIM.

B-cenpMbix, maTGopMbl HE BCET/la YYUTHIBAIOT OCOOCHHOCTH CTYJCHTOB C OIPaHU-
YEHHBIMH BO3MOKHOCTSMHM J1JI1 PAaBHONPABHOW OLIEHKH YPOBHEM BCEX TPYINIl CTYACHTOB.
K mpumepy, aist 3aUThl OT KOIIMPOBAHUS YCIIOBHE 33/1a4i MOXET OBbITh MPE/ICTAaBICHO
B ()OpME MOHOJIHMTHOTO N300PAKEHHMSI, HETOCTYITHOTO JIUIsl PACIIO3HABAHUS IPOTPAMMHBIMH
CpPE/ICTBAMHU [Tl JTUII C HAPYIICHUSIMU 3peHHs. B o j00H0M cuTyaluu, mpyu HHANBU/TYalTb-
HOM MMOAXO0A€C, MOXHO YUCCTh OCO6eHHOCTI/I U IPCACTAaBUTh TAKOMY JIUIY MOAXOAAUIYIO 1O
(dbopme 3aauy TOTO K€ YPOBHS. ITO MOXKET ObITh OCOOCHHO aKTyalIbHO JIJIsl HHKITFO3UBHBIX
TPYII B peXXMMe KOMaH/IHON paOoThl. [lJ1st 5TOro JOJDKEeH OBITh pean30BaH pelakTop, 1Mo-
3BOJISIIOIIMIT BHOCUTh M3MEHEHUS B TeHEPUPYEMbIe OJIOKH 3a/1aHH M UX TIPEIIPOCMOTP.

st Toro, 4ToObI YCTPaHUTh BBISBICHHBIC HEIOCTATKH, HEOOXOJIMMO CO3/1aTh Ooliee
KOMILIEKCHYIO TIaT(hopMy ¢ OCOOBIMU XapaKTePHUCTHKAMHU.
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ITOCTAHOBKA 3ATAYU 1 ®OPMYJINPOBAHUE
YCJIIOBUH, KOTOPBIM JOJ)KHA COOTBETCTBOBATD
HUDPPOBAA AJAIITUBHAA IIVIAT®OPMA JJI1 OBYUYEHUA
MMPOTPAMMMUWPOBAHUIO C ®YHKIIUEA ®OPMUPOBAHUS
HABBIKOB KOMAHHOM PABOTBI

C y4eToM HCCIICZIOBAaHHBIX PEIICHUH MOKHO C(HOPMYJIHPOBATH IIEIb pa3padarbiBac-

MOTO IIPOEKTa: CO3/aTh aJanTHBHYIO yueOHYIo IuathopMy ¢ QyHKIMEH (HOpMHUPOBAHUS
HABBIKOB KOMaHIHOH pabotsl. [Tmatdopma B hopMaTe TeMaTHIeCcKOil IEKTPOHHON BHUK-
TOPHHBI ITO3BOJISIET OLCHUTH M MOBBICHTH YPOBEHb HABHIKOB CTYACHTOB (Y4AaCTHHKOB) H
IPYIIIBL B IIEJIOM 4Yepe3 peleHHe MPeabsIBIsIeMbIX 33/1a4, KOTOPbIe HMEIOT AUHAMHYCCKH
W3MEHSFOLINECsS KOMIOHEHTHI H HCIIONb3YIOT MEXaHU3MBI aJallTUBHOrO o0y4eHwus. [1nar-
(bopmMa JJ0IDKHA yJIOBICTBOPSITE PSITY YCIOBHH M NPHHIMIIOB, YCTPAHSIONINX OOHAPYKEH-
HBIC paHee He0CTaTKU Y MPOoYrX MiaT(opm 1moJo0HOro poja.

1)

2)

3)

4)

MonynpHOCTh — IaTopMa TpeICTaBIsIeT COO0H CUCTEMY ¢ MOAYJILHOM apXHTEKTY-
POl 1 nepapxuei BI0XKEHHBIX MPEICTABICHUI Y4eOHOT0 MaTepraa, Kax/10e U3 KOTo-
PBIX peajmu3yer CBOW ypoBeHb a0CTpaKLuK (Kypc, JISKIHsI, TEMa, YPOBEHb U KOHKpETHAs
3amada). Takas rubkas cucTeMa JOIyCKaeT COBPEMEHHBIH KOMIIOHEHTHO-OPHEHTUPO-
BaHHBIM NOAXOJ K NPOrpaMMHOM peaau3alud U I[03BOJSIET CO3[aBaTh HEJIMHEHHBIE
CBSI3H M TIEPEXOBI MEXK Ly OT/IEJIbHBIMHU 3aJaHUSIMU TIPH IIOCTPOCHUH 00pa30BaTEIbHON
TpaekTopuu Trpymmsl. Kpome Toro, mosiBiseTcs BO3MOXKHOCTh co3faHus (Gopm mpen-
CTaBJICHUSI 33aHUH JJISI JIUI] C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMH.
MHUKpOaIanTHBHOCTB — KaX/1asi KOHKPETHasl 33/1a4a 00J1a1aeT MUKpOrepapXyei mpocTei-
X 3JEMEHTOB, PEUTH3YIONIMX MEXaHHUKY I OTTAUYMBAHMS KOHKPETHOTO HaBBIKA, 3a-
JICHCTBOBAHHOTO B 33/1a4€. DTH 3JIEMEHTHI MOTYT OBITh TAKKE paclpe/IeiICHbI IT0 YPOBHSIM.
Jlomny1ieHHbIe CTYICHTOM OIIMOKH TP PEIIEHUH YJ4acTKa 3a/1a4 [O3BOJISFOT OIPEJIeTIUTh
CErMEHT 3HaHUH, B KOTOPOM HaOJI0Iat0TCsl IPOOETIbl, a Takke 0osiee TOHKO KOPPEKTHPO-
BaTh YPOBEHB CIIOXKHOCTH, YTOOBI YUaCTHUK B HEHABSI3UMBOW (OpME MOT MIOCIIE0BATEb-
HO 0Tp8.6aTI>IBaTI) 1 UCHIPABJIATD TC OLIII/I6KI/I, KOTOpbIC CBOMCTBEHHBI UMEHHO EMYy.
Omnpenenenue BXOAHOTO Mopora — IaTdopma croco0Ha OCYIIECTBIATh aJallTUBHOE
o0ydeHue, MoJICTPanuBasCh MoJ| YPOBEHb CTyJIeHTa. Ha BXOJHOM 3Tare npu perucrpa-
LMY B CUCTEME CTYACHT IPOXOIUT aJallTHBHOE TECTUPOBAHNUE, TO3BOJISIONIEE B IEPBOM
MIpUOIIKEHNH OLICHUTh YPOBEHb HABBIKOB. Jlanee cucteMa cama aHaIU3HPYeT U KOp-
PEKTHPYET, HA OCHOBE CTATHCTHKH MPOXO0XKJICHUS 3TANOB BUKTOPUHBI, TEKYIIUH ypo-
BEHb CTY/ACHTA.

TemaTtnueckoe opopMIIeHHE — 3a/IaHNs KaK TAKOBBIE TPEICTABISIIOT cO00H abCTpaKT-
HBIE KOMITOHEHTBI, KOTOPbIe HEOOXOJMMO 3aCTaBUTh KOPPEKTHO paboTaTh, YTOOHI I10-
JIYYUTh TpeOyemMylo MH(OPMALMIO WK oOecleuuTs nodeny B BUKTOpuHE. i1 Toro,
4TOOBI 33JaHUSI MOKHO OBIJIO UCIIOIB30BaTh B KOHKPETHOM OKPYKEHUH (TEMaTHYECKOM
BUPTYaJIbHOM MPOCTPAHCTBE 33/1aHHI), HCIOIB3YIOTCSl JIEKOPATOPBI, KOTOpbIe 0(opM-
JISIIOT MEXaHUKY 3aiaHuil B (opMy, NMpUBJIEKATEIbHYIO Uil YYaCTHUKA BUKTOPHHBI,
WCIIONB3Ys CIICIMANIBHBIN BHYTPCHHHH JEKIApaTHBHBIA S3bIK MPOrpPaMMHPOBAHUS,
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MIO3BOJISIIOIINIT OTIepaTHBHO U A(PPEKTUBHO ONUCHIBATH JTUHAMHYECKU W3MEHSIOIINECS
CTPYKTYPBI B 3JIEMEHTAX NPEIbIBISACMBIX 3a1a4.

5) HaBbiku KOMaHJHOW PaOOTHI — TOMUMO OTAENBHBIX 33/IaHHUI, TO3BOJISIONINX YCTAHOBUTh
WHIMBHIYaIbHBI YPOBEHb Ka)KIOTO YYaCTHHKA, IUIATGOpPMa MOXKET OLECHHTH CII0CO0-
HOCTH TPYNITBI B LIEJIOM U UCIIOJIB30BaTh CIIENUAIbHBIC TPYIIIOBBIC OKPYXKEHHUS, TAC U3
OTJIETIbHBIX KOMIIOHEHTOB COOMpAETCsl YHUKaJIbHAs TPACKTOPUS 31aHUH TAKUM 00pa3oMm,
YTOOBI KaXk/10€ 3a][aH1e COOTBETCTBOBAJIO YPOBHIO BEIOPABIIIETO €TI0 YYAaCTHHUKA, IPH 9TOM
Ppe3yIIbTaThl OTACNBHBIX 3aIaHNi epeceKatoTcs], MOOYKaask yYaCTHHKOB K KOMaHJHOMY
B3aMOJICHCTBUIO ISl JIOCTH)KEHUSI KOHEYHOH IIEJIH, MOCTABJICHHOI I'PYIIIOBBIM OKpY-
JKEHHEeM. DTO TIO3BOJIMT HE TOJBKO 00JIee TOYHO OLICHHUTDH YPOBEHb IPYIIILI M HOAOUPATh
Oosee MOAXOIALINE 3a0aHUs HA CIEAYIOIIUX TalaX BUKTOPUHBL, HO U CIIOCOOCTBOBATD
(OpMHPOBAHHIO HABBIKOB KOMAaHIHOW PabOTHI U CIUIOYEHHOCTH TPYIIIBI B IIEJIOM (4TO
0COOEHHO BayKHO ISl TAKUX KYPCOB, KakK, HallpUMep, IPOrpaMMHast HHXEHEPHsl).

6) EnunHbIi npykecTBEeHHBIH MHTEp(hEHC I KOMIDIEKCa MPOrpaMM — BHENIHWAN HHTEp-
¢eiic, 0ObeUHSIONMHA KOMIIOHEHTBI MPOTPaMMHOTO KOMILIEKCA, OOCITYKUBAIOIIETO
aJlaNTHBHYIO Y4eOHYIO IIaTGOpMY, TOJDKEH MIPEIOCTABISATh IPYIIIOBYIO U HHANBHIY-
QIBHYIO CTaTHCTHKY PE3YJIbTATOB IPOXOKACHHS JTAalloB BUKTOPUHBI B YJOOHOW JUIst
BOCHPHATHSA IpenojaasareneM dopme. BriocieacTBuu MOXKHO 00eCIIEYNTh U BH3Yyalb-
HBI KOHCTPYKTOP WJIM MHTEPAKTUBHYIO Cpey pa3padOTKH JUlsl yIPOIIEHHS MPOLEy-
PBI CO3/1aHUS KOMITOHEHTOB Kypca, B YaCTHOCTH, YY€CTh CIIeIIU(HKY pa3paboTKH U MO/~
JICPIKKH 3aJIaHUH JUIsl JIUIL C OTPaHMYCHHBIMH BO3MOXKHOCTSIMH.

7) TmOKoCTh peanm3amuy — MPOrpaMMHAs PeaTn3anis IATPOPMBI TOJHKHA OCHOBBIBATH-
Csl Ha TPUHIMIAX IIEPEHOCUMOCTH M KpoccruiatdopMmeHHocTd. Heodxomumo npeny-
CMOTPETh BO3MOXKHOCTb OBICTPOTO JIOKAJTEHOTO Pa3BEPTHIBAHUS CHCTEMBI U yI00CTBa
BBI30Ba OCHOBHBIX (pyHKIHMII, 0OecrieunBaonmux padoTy miar(opMbl U €€ UCIIOIb30Ba-
HHE JUIS pa3HBIX IPOTPaMMHO-aNapaTHBIX CPel.

KOMITIOHEHTBI 1 OBIIIAA APXUTEKTYPA
[MAP®POBOW AJATITUBHOM IIJIAT®OPMbBI

[Tnardopma mpencTaBiiseT co00# 0OBIION MPOTPAMMHBIA KOMILICKC, COCTOSIIIUA U3
HE MEHee TPeX B3aHMOCBSI3aHHBIX CEpPBEPOB (KOTOpPBIE MOTYT OBITH peajn30BaHbI C MPHU-
MEHEHHEM TEXHOJIOTMH BUPTYaJIH3alllK), HE MEHEee JIBYX XPaHWINII JaHHBIX U JOKAJIbHOM
CETH, HCIIONIb3YEeMOH B TIpoliecce 00yUYeHH s I OCYLIECTBICHHS pacpeelIeHHOrO TOCTY-
a K paboueii cpejie ¥ ynpaxHeHu, GOpMHUPYIOIINX HABBIKK KOMaHHOH paboThl. Kaxplii
cepBep obecreunBaeT paboTy Habopa CiIyk0, COOTBETCTBYIOLIMX cepe ero MPUMEHEHUS,
a TaKXKe JOCTYII JIJIsl [T0JIb30BaTeNei, COOTBETCTBYIOLIMX POAY BBHIMOIHIEMBIX CPEACTBAMU
mwiatopmel pabot (oOydeHHe, ONHcaHie KOMIIOHEHTOB MPEIbSIBIAEMBIX 3aJaHUHN, cOOp
W aHalM3 CTaTUCTUKH U T.J.). [IpencraBieHne cxeMbl OCHOBHBIX KOMIIOHEHTOB 3aHHMAeT
CITMIIKOM BHYIIUTEIBHBIN pa3Mep, 4TOObI ¢ MOYKHO OBUIO OTOOPa3UTh B OJHOM PHCYHKE.
Oo011ee TpeicTaBICHUE CXEMBI TIOKa3aHO Ha puc. 1, ganee OyneT mpeacTaBicHa MoapooHast
JeTau3alns KaxkJI0ro 0000IEHHOTO dJIEMEHTA.
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JlokanbHas [ EERTE
y4yebHas ceTb cepeep

O6HoBneHWe
cpeabl

MpegbaeneHue leHepauua

Pa6ouvasn
cpena

EnunHoe
3apgaHue

Cbop
CTaTUCTUKY,

Puc. 1. Obwee epauueckoe npedcmasnenue cxemvl KOMNOHEHMOE
yugpposoil adanmugroll naamg@opmul 0 00yUeHUs NPOSPAMMUPOBAHUIO
¢ pyHKyueli popmMuposanus Ha8bIKO8 KOMAHOHOU pabombl

Tak xax ¢axTndeckas peanuzanus TH(POBOH aJanTHBHON IaTGOPMBI ISt 00yIEHHS
MIPOrpaMMHPOBAHUIO ¢ GYHKIHEH (pOpMHUPOBaHHS HABBIKOB KOMaHHOW pabOThI OCYIIECT-
BisieTcst B pamkax BY3a juis cryneHToB-0akanaBpoB, janee OyAeT WCIOJIb30BaH TEPMUH
«CTYAEHT» JUIsi 0003HAYCHHsI 00YYaIOIIErocs MOJIb30BATENS; OJTHAKO, CTOUT OTMETHUTh, YTO
MIPOTPaMMHBIA KOMITIEKC MOXKET OCYIIECTBIIATh CBOW (PYHKIMH U JUIs IPyTUX oOpas3oBa-
TEJIBHBIX POTpPaMM (HampuMep, B IIIKOJIaX).

Habop KoMITIOHEHTOB, OTBEYAIOMINii 32 (YHKIIMOHUPOBAHNE JIOKAIBEHON y4eOHOM ceTH,
XPaHUT JIaHHbIE O CTY/EHTaX M TPYIIIax, KOTOPbIC SBISIOTCS TOJIB30BATENSIMH TIATHOp-
MBI. OTU JaHHBIE HCIIOIb3YIOTCA JUISl CONOCTABIIEHHS YPOBHSI KOHKPETHOTO MOJIb30BATENS
Y TPYIIIBI B [IEJIOM, ITPOBEPKH MPaB JOCTYyIa Ha aBTOPU3AIIMIO M JJOCTYII K pabouei cpefe.
Taxoke 5TOT HabOp KOMITOHEHTOB OCYIIECTBIACT (PyHKIMM OOHOBIEHHS paboueii cpebl 3a
cYeT JeCTBUI Mob30BaTeNs (HapuMep, 3arpy3KH BaJIMIHOTO CETMEHTa Ko, TpedyeMo-
TO JUISl IPOXOXKJICHUS 3a7anust) u padoty sandbox-cepBepa, oOecreunBaomero (yHKINH
B3aMMOJICHCTBHA ¢ paboueil cpeoif Ha CTOPOHE KIIMEHTa C y9eToM TpeboBaHui HHpopMa-
LIMOHHOM 0E30MacHOCTH, a TAK)KE OTIIPABKY JaHHBIX Ha TJIABHBIA CEpPBEP O XOE 00YUEHHS
1 B3aUMOJICHCTBUS ¢ pabodeil cpeioil — B YaCTHOCTH, CTATUCTUKH, HEOOXOJMMOI [Tt KOp-
PEKIMU YPOBHS TIOATOTOBKH 00YYAIOMIErocst ¥ 00y4eHNsT MOJIEIM MAIIMHHOTO 00y4YeHNS,
OoTBeYaroIIeH 3a HOpMUPOBAHKE 3aJIaHUSI U OKPYKEHHUS paboueii Cpe/ibl.

Pabouast cpena — 3T0 BUPTyaIbHOE MPOCTPAHCTBO, 0OECTICYNBAEMOE KIIMEHT-CEPBEPHBIM
B3aMO/ICHCTBHEM MEX/Ty YUaCTHUKAMHU 00pa30BaTEIbHOIO POIIECCa U TIIaBHBIM CEPBEPOM.
[TosToMy HaOOp KOMITOHEHTOB, oOecreunBarOINi (pyHKIIMOHMpOBaHNE pabodueil cpenpl,
HOCHT pacrpe/ieieHHblli xapaktep. Co CTOpOHBI INIaBHOTO cepBepa, (opmupyroliero pa-
6ouylo cpeny, TpeOyeTcsl MPeoCTaBICHIE OCHOBBI 33/IaHNMSI, COOTBETCTBYIONIEH TEKYyIIEMY
clieHapuio (Habopy mapaMeTpoB, 00ECTICUNBAIONINX B3aUMOCBSI3h KOMIIOHEHTOB 3a/IaHUH, 1
JIEKOPAaTUBHBIX JIEMEHTOB, TOAJEPKUBAIOIINX BOBIEYEHHOCTh U 3aMHTEPECOBAHHOCTD CTY-
JICHTOB B TIPOXOXKJCHUH 3a/1aHui). Taxke Ha CTOpPOHE cepBepa KOMITOHEHTHI 3a/1aHus (MITH
JMHAMHYECKHE COCTABIIIONINE) MTOJOMPAIOTCS C YIETOM HCTOPUH B3aMMOJACHCTBHS ydacT-
HUKOB ¢ paboyeil cpeioii U uX ypoBHsI MTOJAroTOBKU. Ha 0CHOBE ATHX aHHBIX (OPMHUPYETCS
€IMHOE 33/IaHNE M COOTBETCTBYIONINI eMy Habop cocTosiHMi paboueit cpenbl. Co cTOPOHBI
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00y4aroLIMXCsl ¥ MPOMEIKYTOUHBIX CEPBEPOB, 0OCITY)KUBAIOIINX HX B3aUMO/ICHCTBHE C pado-
4el cpeoif, TpedyeTcs MPeIoCTaBUTh (PYHKINHN, 0O0eCTIednBalomye 0e30MacHbIi BBOT JaH-
HBIX, BJIMSIIOIIMX Ha COCTOSTHUE paboyell cpe/ibl M pelieHUe TIOCTaBICHHON 3a/1a4u.

Habop kommoHEHTOB, obecneumBaiOmuX paboTy TIABHOTO cepBepa, MPEACTaBISET
co0oli HanOoiee BBICOKOHAIPY)KEHHYIO YacTh BCErO IIPOIPAMMHOIO KOMILIEKCA, TaK Kak
peanu3yeT GpyHKIUN cOopa M aHaJIM3a CTATHCTHUKH, IPOLIETyPbl MAIIMHHOTO O0y4YEeHUS, OT-
BETCTBEHHBIE 32 aKTyaJIU3allUI0 YUeOHbIX CLICHAPUEB U PAcIpe/esICHUue 3aJaHui AT CTy-
JICHTOB U TPYII [0 YPOBHSM, OIlepallii OOCITY)KMBAHMS M HAIlOJHEHUs OaHKa 3aTaHHMi,
COCTOSIIIIETO M3 TOMOB 0a3 JaHHBIX, XPAHSIIUX CLEHAPUU U (PParMeHTHI MPEAbSIBISIEMbBIX
B paboueii cpeze 3a1aHti, a TAKKe JaHHbIC aBTOPHU3ALIMH JIIS JIML, OTBETCTBEHHBIX 32 Pyd-
HOE HAIOJIHEHUE U PEJaKTUPOBaHNE OaHKa 3aaHui — HAPUMEp, YIIOITHOMOYEHHBIX Npe-
rojiaBartesiedl 1 CHCTEMHBIX aJMUHHUCTPATOPOB. JTa e IPyIIIa JIMI HMeeT JOCTYI K CTa-
TUCTHKE PENICHUH M0 TpyNIiaM M WHIUBHUAYAIbHOM CTaTHCTHKE, OTPaXkalollei mporpecc
KOHKPETHOTO y4allerocs JHa B U3YYECHHH HpeaMeTa cpeacTBaMH IutaTdopMmbl. Taxoke
TJIaBHBIH CEpBEp BBINOJIHIET CBOM 33/1a4H 110 (POPMHUPOBAHHUIO €JMHOTO 3a/IaHus JUTs pado-
4eil cpeibl, yYUTHIBAIOIIETO YPOBEHb IPYIIIBI U HHANBHIAYAIbHBIX YYAIHXCS.

Habop KoMIIOHEHTOB, OTBEYAIOIINii 32 (YHKIIMOHUPOBAHUE JIOKAIBLHON y4eOHOW ceTH,
oIpoOHO OMFICaH Ha pHC. 2.

CTyfeHTLl Nokanbhas CTyIeHTBl HHUIUHPYIOT padoTy
=" yuebHasi ceTe i) opMAIMOHHON  CHCTEMbI,  OCY-
o " ; [ICCTBIISAS TOTBITKY MOKITFOUCHUS
L bfw\\:. > K ee MHTep(elCy depe3 JTOKaTbHYIO
sanyck ﬁ y4eOHyi0 ceTb. Beimonmsercst mpo-

e WHTepdelica

BepKa KOPPEKTHOCTH BBEACHHBIX
NaHHble ABTopnaaius] TI0JIb30BATEIISIMU JIAHHBIX YIS BXOJA

A
I
|
: rpynn B CHCTEMY, JUISl 3TOTO TPUMEHSETCS
O6meH | & T' Hrenue/ cepBep IPyIII, KOTOPbIHA CBEPSIET BBO-
i 3anuchb
ﬂa”“g"‘"” ! w j<— TUMBIC JaHHBIE C 3alIN(QpPOBAHHBIM
TpebyeT
(rpeby | - COJIEPIKUMBIM XPAHUIHUIIA JAHHBIX —
I
: Cepsep 0asbl JIAHHBIX O TPYIIAX; B Cilydae
i
I
I
I
I
\4

Hann4yuma
gonycka)
YCIICIITHOM aBTOPU3AIUK cepBep 00c-
CIICYMBACT 3aIyCK CECCHH H JIOIYCK
JUTS B3aMMOJICHCTBHS ¢ paboucii cpe-
JIO1 MITH OOHOBJIEHHE HH(OPMAITHH O
TEKYIIEM COCTOSIHUU pabode cpelibl

Lonyck/
oBHOBNEHNE

<
«

Mposepka u JI1 aBTOPU30BAHHBIX II0JB30BATE
obHoBMNEeHne cpenbl a . p
Sandbox- \  (no TpeBosaHmio) neit. Sandbox-cepBep MoAroTaBIMBa-
\
cepeep N . eT pabouyro cpemy, KOTopast yIUTHI-
\ Op
\

BAaeT XapaKTEPUCTHUKH KOHKPETHOTO
\.CTaTUCTUKN

Puc. 2. Habop xoMnonenmos, coomeemcmeyoujui TOITb30BaTEIs (BKITIOAs €T0 YPOBEHb
anemenmy «JIoxkanvras yueOHas cemvy Ha 0bwem IIO/IrOTOBKH). J11s1 9TOT0, € MOMOLLIBO
epaguueckom npedcmasienuu cxembl KOMnoHenmos — TOJTYYEHHOIO Ha OCHOBE JaHHBIX aB-
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TOopHU3annK HaeHTH(HKaTOpa, sandbox-cepBep MOCHUIACT 3aIpoc IIaBHOMY cepBepy B (op-
Me OOpaTHOW CBSA3M M JaHHBIX CTATHCTHKH O TEKYIIEM COCTOSIHUH CTY/IEHTA B KOHTEKCTE
paboueii cpensl. MHdopmanus, koTopast HOCTyIaeT B OTBET Ha 3arpoc OT IJIaBHOTO cep-
Bepa, mo3BoisieT sandbox-cepBepy CKOHCTPYHPOBATh WHAMBHIYATIbHYIO PabOUyro cpemy
JUISL KOKIOTO CTYJICHTA C yYETOM €ro JISHCTBHI U ICHCTBUI ITPOYUX CTYIEHTOB B IPYIIIE.
BuzyanbsHo pabodas cpeza oToOpaskaeTcst IUIs CTYACHTa Ha CTOPOHE KIIMEHTA — HallpuMep,
Opaysepa, TJie CTYACHT IOJy4aeT BO3MOKHOCTh OCYIIECTBIISITh B3aUMO/ICHiCTBHE ¢ pabo-
4ell cpeloil B COOTBETCTBUH C MPEHOCTABISEMBIMHI BeO-HHTEP(PEHCOM BO3MOXKHOCTSIMH.
[TonpazymeBaeTcst, YTO B3aUMOJICHCTBHE OCYILIECTBIISIETCS Yepe3 KOMITBIOTEP B ayAUTOPUH,
HMMEIOIINI TOCTYTI K JIOKaTbHOH yueOHoi cetn BY3a. OHako, IpUHITAITE KIHEHT-CepBep-
HOW apXHUTEKTYPHI MO3BOJISIIOT PACIIMPUTH NPUMEHEHNE IPOrPaMMHON TIAT(GOPMBI U JIIs
CiTydast JUCTaHIIMOHHOTO O0y4eHHS.

Habop koMITOHEHTOB, OTBEe4alONIMi 3a (pyHKIMOHUpOBaHHE pabovel cpeibl U Mpeib-
SIBIICHHE AMHOTO 3aJ]aHMs, TIOAPOOHO OMMUCAH Ha pHC. 3.

[HuHamuveckue
cocmasrisouue
3adaHus

Pa6ouas EauHoe

DduneTp
cpepa 3aflaHue

YPOBHeR

MpeabsBneHne
3ajaHvs

/ .
,/  [naBHbin
7

¥ cepBep
OcHoBa S
,* Cbop
3afaHuA p
//CTaTUCTIKN
/

7/

Puc. 3. Habop komnonenmos, coomeememeyowuil snemenman «Pabouas cpeoa» u
«Eounoe 3adanuey na obwem epaguueckom npedcmasienuy cxemvl KOMNOHEHNO8

I'maBHBIN cepBep, HA OCHOBE COOPAaHHOW CTATUCTUKU U MOJIyUYCHHON OOpaTHOM CBS3H
ot sandbox-cepBepa, moAOHpaeT TMHAMUIECKIE COCTABIISIONINE — KOMITOHEHTHI 3a/TaHUS —
TakuM 00pa3oM, YTOOBI OHA COOTBETCTBOBAIIM YPOBHIO MOJTOTOBKU CTYACHTA M YYHTHIBA-
JIU OIIMOKH, OMYIICHHBIC B IPOIIoM. Ha MOMEHT, KOT/1a TOT HJIH MHOM CTYJCHT Oepercs
3a BBINOJIHEHWE MHAMBUIYaJIbHOTO 3a/IaHKs, OH BKPATIE 3HAKOM TOJIbKO C €r0 OCHOBOIA,
OTIMCHIBAOIICH CIOXKET U TeMy 3amaHus. Korna pemeHue o 3aKperuicHUH HHIUBHTY aJTbHO-
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TO 3aJIaHusl IPUHSTO, TIIABHBIN CepBEp, UCIIOJIB3YS IaHHbIE O CTYJICHTE U (QUIIBTP YPOBHEH,
MomuHUIHIpyeT (Moa0upaeT) KOMIIOHSHTH! 3aJaHus (JIETall CIOKETa U IPOMEKYTOUHBIE
3aJlaHusl) TAKUM 00pa3oM, 4TOOBI OHM OTBEYAJIM YPOBHIO ITOJI'OTOBKH CTYJICHTa U TIO3BOJIS-
T eMy IIpOopadoTaTh JOIMYICHHBIC paHee OIIHOKH.

OcHoBa 3aJ1aHus 33Ja€T CIOKET JJIsl paboyeii cpe/ibl, B KOTOPOM y4acTBYET BCs IpYIIIIA.
CroKeT u xapakTep 3aJaHus IMOJA0MpaeTCS UCXOI W3 O0IIero YPOBHS TPYIIIHI, MOKa3aH-
HOTO Ha IPEIBIAYIINX 3aHATHAX (U1l IEPBOTO 3aHATHS 337aeTCs HEKOTOPBIH YPOBEHB 110
ymomuanuio). [Tocie Toro, Kak HHIMBUAYaIbHbBIC 3aaHHs BBIIOIHEHBI, JUIS JOCTHKCHUS
OOIIIeH 1IeTH CTyIeHTaM, BBITIOHSBIINM WHIUBHyJIbHBIC 331aHHsI, HEOOXOMMO, B COOT-
BETCTBHH C CIO)KETOM, OOBEIMHUTD PE3yJIbTaThl CBOCH HHIMBHIYaIbHOM pabOTHI M PELIHUTD
KOJUIEKTHUBHOE 33janue. Takum o0pa3om, popMHUPYIOTCS HaBBIKK KOMaHTHOH paboThI, KaxkK-
BT CTYICHT MOXKET ITPOSIBUTH CBOU CHIIBHBIE CTOPOHBI B XO/I€ PEIICHUS MHANBHU Y JIbHBIX
3aJlaHui, a TaKKe YCTpaHseTcs NpodiieMa, MpH KOTOPOH OIMH MIIM HECKOJIBKO CIIOCOOHBIX
CTYJCHTOB B TPYIIIE BBIIOIHAIOT BCIO Pa0OTy 32 OCTaNbHBIX: IPH HAINYUH WHAWBHIYallb-
HOTO 3aJJaHusl 1 HEKOTOPOH YacTH OOIIETO JUIsl KaXKI0T0 YYaCTHUKA HE OCTAETCsl PECYPCOB,
9TOOBI BHUKHYTh M PEILINTh 4y’KO€ HHIMBHAYaITbHOE 3a1aHue (C Y4eTOM OTPaHUYCHUS 110
BpPEMEHH B 2 aKaJeMHUUECKHX 4aca).

[Tocne Toro, kak Bce MHANBHAYaIbHBIC KOMIIOHEHTBI TOCTAHOBKH 33144 TIO00paHbI 1
COEJMHEHBI B €HHOE [IeJI0€ C OCHOBOM 3aaHUs, 3a/1alOLIel CIOXKET, OKPY>KEHHUE U IPYIIIIO-
BYIO 3a/1a4y, U3 3TUX KOMIIOHEHTOB (hOpMyIHpPyeTCs eIUHOE 3aJaHUe — CKPHIIT, CO/IepIKa-
LM ONMCaHUE OKPYKEHUsI, TEKCTYP M IIPOYHX JEKOPATHBHBIX 3JIEMEHTOB, & TAKXKE CIOIKET
1 OCHOBHBIE JIOTHYECKHE B3AHMOCBSI3H MEXXTY Pe3y/IbTaTaMi HHIMBUIYJIbHBIX 3alaHUH 1
obuieit ais rpynnsl nenu. Ha ocHoBe 3Toro eanHoro 3aganus popmupyercs pabodas cpena
1 OTBETHI Ha 3a1pockl sandbox-cepsepa.

Habop KOMIOHEHTOB, OTBEYAIOIINH 32 (YHKIIMOHUPOBAHUE TIIABHOTO CEepBepa, IMOJ-
poOHO ommcaH Ha puc. 4.

I'naBHbId  cepBep  (opmu-
pyeT OCHOBY 3aJaHHsi U HOJ-
TOTaBIIMBACT MHANBHYaJIbHBIN
GWIBTp ypoBHEH VIS KaXIOro
CTyJIeHTa,  aBTOPHU30BAHHOTO
1 UMEIOIIETO JTOCTYyN K ydeO-
HOHM cpeme. Ha ocHoBe 3THX
JaHHBIX TJIABHBIA CepBEp BBI-

Mopgynb
cbopa cTaTUCTUKK

3arpyska
1 oGHOBNEHNE 57

z
naHHbIX -~ OTobpaxeHne
Jits cTaTNCTUKN
” BaHk 3agaHuit ~\ m

HanonHeHne %
gﬁ

/\ AkTyanusauus

N\
FasHsii - AnmnsncTpatopey  HOJTHACT CBOIO 4acTh PaGOTEI
cepsep cueHapues npenoaaeaten MO ()OPMHUPOBAHMIO  pabodeh
N
cpenpl. CraTucTUYecKHe JaH-
Moaynb Hble, MepejlaBaeMble B Kaue-

MaLLMHHOTO
oby4eHus (ML)

Puc. 4. Habop xomnonenmos, coomeemcmeyroujuli

ctBe (hopMBI OOpaTHOW CBSI3U
ot sandbox-cepBepa, TIaBHBII

anemenmy «I nagmeill cepeepy na obujem epagpuueckom
npeocmasieHuy cxembl KOMNOHEHMOB
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CITyO0BlI, peaJli30BaHHbIC B (hopMe MOJIyIIeil — cOOpa CTaTUCTHKH U MAIIMHHOTO O0yYEHHUS.
3amava MoayJist COOpa CTaTUCTUKK — COOPATh ITaHHBIE M ITPEACTABUTH UX B HAIIISAHOM (opme
YIIOJTHOMOYEHHOMY JIMILY, OTBEYAIOIIEMY 3a HAIlOJIHEHHE OaHKa 3aJaHuil (IperojaBarelnto,
aJIMMHHICTPATOPY | T.11.). MOyJIb MAIlIMHHOTO O0YYEHMS NCTIONb3YET TEXHOIOTHH U MOJIEIN
HCKYCCTBEHHOT'O MHTEIUIEKTA /U KOPPEKINH U 3aMOJIHEHHUs OaHKa 3aJJaHUi C [ETbI0 aKTy-
aM3aly yueOHbIX CIIEHAPHUEB Ha OCHOBE PE3yJbTaToB pabOThI CTYJICHTOB, peain3ys, TeM
CaMbIM, KOMITIOHEHT aJanTUBHOCTH. JIMIla, OTBeYarolye 3a HallOJHEHUE OaHKa 3aJlaHui,
HMEIOT BO3MOXKHOCTb CKOPPEKTUPOBATh PE3yJIbTaThl PA0OTHI MOIYJISl MAILIMHHOTO 00yYEHUS
1 OCYIIECTBIIATH CAaMOCTOSITEIIbHOE HAIOJIHEHHE OaHKa 3a/1aHuil. [71aBHBIA cepBep Takke
MMeeT MpSIMOW JOCTYN K OaHKY 3aJaHui A7t 3anncH MH()OPMAINH, WICHTH(OUIUPYIOMEH
XOJ1 BBITIOJIHEHUS 3a/IlaHUH IPYNIION CTYIEHTOB, a TAK)KE M3BJICUCHUS JTAHHBIX O TEKYIIHX
3aJJaHUSAX M UX KOMIIOHEHTAX Il KOHKPETHOU TPYIIbI aBTOPHU30BABIINXCS CTYICHTOB.

3AK/IFOYEHUE

B cratne 6BIJ'II/I HCCIICJ0BaHbl UMCIOIINECA MTOAXO0/AbI K ITIOCTPOCHHUIO OGpaSOBaTeHBHLIX
cpen it 00ydeHus IporpaMMUpoBaHuio. [Ipoanaan3npoBaHbl MX OCHOBHBIE HEJIOCTATKH.
[Ipeanoxena koHuenys UQPOBOM alaTUBHOM IIIaTPOPMBI JJIsl 00yUSHHMS TIPOrpaMMH-
POBAHMIO, YYHUTHIBAIOIIAS BBIIBICHHbIE HemocTaTKu. OmmcaHbl 0COOEHHOCTH TPOTpaMM-
HOM peaym3alyy B BUje 00IIeil apXUTEKTYPbI, IPUHIUIIOB paOOTHI M MOCTPOSHHS B3aNMOC-
BsA3€H KOMIIOHEHTOB IJIAT(OPMBI.

OmnwucanHast apXUTEKTypa peaqn3yeT BCe YCIOBUS U MIPUHIUIIBI, TO3BOJISIONINE IIPEOI0-
JIETh BBISIBIICHHBIC Y TIOXOXKHX ITPOYKTOB HEIOCTATKHU:

1) MOIYJNBHOCTH ¥ MUKPOQJIANTHBHOCTD — PEAJIM30BAHBI 33 CUET CUCTEMbI TUHAMHYECKIX
COCTAaBJISIOIINX 33JaHUS;

2) ompeneneHre BXOJHOTO TIOpPOTa — 3a CUET MOIYJS cOOpa CTAaTUCTUKUA W (YHKIIHI
sandbox-cepsepa;

3) TemaTtuyeckoe ohOpPMIICHUE W €IWHBIH JAPYKECTBEHHBIH MHTepdeic Uil KoMILIeKca
MporpamMMm — 3a cyeT MOAyJieH U QyHKIuil rI1aBHOTO cepBepa;

4) HaBBIKM KOMaHIHOM pabOThI — 32 CUET CO3[aHuUs BUPTyaJIbHOW paboueii cpebl Ha Oase
KITHEHT-CEPBEPHOI apXUTEKTYPHI U MPEABSIBICHHS €IIMHOTO 3a/[aHNsl, YIUTHIBAIOIIETO
YPOBEHB ITOJATOTOBKH TPYMIIBI U COBOKYITHOCTH PE3YIbTATOB BBIMTOJHEHUS WHIUBHIY-
albHBIX 3aJIaHUM;

S) rHOKOCTh pealu3alyy — 3a CUYeT KOMIIOHEHTHOTO IOJX0Ja K MOCTPOCHHIO Ii(poBOi
aJIalTUBHOM T1aTGOPMBI T 00y4eHHs TIPOrpaMMHUPOBaHHIO ¢ QyHKIMEH (opMuUpo-
BaHMS HABBIKOB KOMaHHOM paOOTHI.

Takum oOpazoM, B craTbe OBUTM IPOJAEMOHCTPHPOBAHBI OCOOCHHOCTH NPOTPAMMHOM
peanmm3anuu HQGPOBOI aXaNTHBHON IUIaTGOPMBI IS OOYYCHHS IMPOTPAMMHPOBAHUIO
¢ pyHkumei GopMHUPOBaHUSI HABHIKOB KOMaH/IHON pabOThI.

Jlumepamypa

1. Komsapac — URL: https://codewards.ru (nata oopamenus 10.12.2020).
2. CoLoBot for Windows (2001) — MobyGames — URL: https://www.mobygames.com/game/
colobot (mata obpamenus 10.12.2020).

97



[Tonxo6 C. /.
Oco0eHHOCT ITPOrPaMMHOVE peayt3ariiy L PoBOVL AAITUBHON IUIATOPMBI 1151 OOy YEeHVIS. ..

Mopenuposanue n a"anm3s gaHHbIx. 2020. Tom 10. No 3.

el

14.
15.
16.

98

I'yogennoy A., benooicuo U., Kypsunnw A. I'mybokoe obydenue / nep. ¢ aurit. A.A. CIHHKHHA. —
M.: IMK Ilpecc, 2017. — 652 c.: n.

Kuravsky L.S., Popkov S.I. and Artemenkov S.L. An applied multi-agent system within the frame-
work of a player-centered probabilistic computer game. — International Journal of Modeling, Simu-
lation, and Scientific Computing, Vol. 9, No. 1 (2018), 17 pp, DOI: 10.1142/S1793962317500635
[SCOPUS].

Kuravsky L.S., Popkov S.1. and Artemenkov S.L. Applied multi-agent system to study behavior
of operators of complex technical systems. — In: Proc. First World Congress on Condition Moni-
toring 2017 (WCCM 2017) The International Society for Condition Monitoring (ISCM), British
Institute of Non-Destructive Testing (BINDT). 2017 [SCOPUS].

Moodle — URL: https://moodle.org (nara obpamenns 10.12.2020).

edX — URL: https://www.edx.org (nara obparenust 10.12.2020).

Chamilo LMS — URL: https://chamilo.org/en/ (nata oopamienus 10.12.2020).

FlexiQuiz — URL: https://www.flexiquiz.com (nata obpamenus 10.12.2020).

. ClassMaker — URL: https://www.classmarker.com (nata obpamenus 10.12.2020).
11.
12.
13.

Pesofts — URL: https://pesofts.com (mara obpamenns 10.12.2020).

SberCraft — URL: https://sber.geecko.ru (nata o6pamenus 10.12.2020).

Redmadrobot 3amyckaer mardopmy «Koasapacy» asst o0ydeHus eTeii 0CHOBaM MporpaMMHUpO-
Banusi — URL: https://www.redmadrobot.ru/fyi/codewards (mara obpamenus 10.12.2020).
CodinGame — URL: https://www.codingame.com/start (nata oopamenus 10.12.2020).
CodinGame for Work — URL: https://www.codingame.com/work (zata o6pamenns 10.12.2020).
Official Colobot: Gold Edition website — URL: https://colobot.info (nara obpamenns 10.12.2020).



Popkov S.1.
E Features of the Software Implementation of the Digital Adaptive Platform for Learning...
Modelling and Data Analysis 2020. Vol 10, no. 3.

Features of the Software Implementation of the
Digital Adaptive Platform for Learning Programming
with the Teamwork Skills Forming Function

Sergei 1. Popkov*

Moscow State University of Psychology and Education, Moscow, Russia
ORCID: https://orcid.org/0000-0003-2566—-1262

e-mail: rslw25@gmail.com

A study of existing approaches to creating educational environments for learning
programming is conducted. Their main shortcomings are analyzed. The concept of
a digital adaptive platform for learning programming, taking into account the identified
shortcomings, is proposed. The features of the software implementation are described
in a form of links between platform components, operation concepts and the platform
architecture overall. The features of the software architecture and implementation
of the digital adaptive platform for learning programming with the teamwork skills
forming function are demonstrated.
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